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STRUCTURE  OF  THE  BEREA  OIL  Umi^  THE  FLUSHING 
QUADRANGLE,  HARRISON,  BELM(M.;A"KD  GUERNSEY 
COUNTIES,  OHIO.  "-•^' 


By  W.  T.  Griswold.  ''     /!': 


INTRODUCTION. 

The  United  States  Geological  Survey  has  undertaken  detailed 
mapping  of  the  geologic  structure  of  the  oil  sands  in  certain  parts  of 
the  Appalachian  oil  field  in  eastern  Ohio  and  western  Pennsylvania. 
The  first  report  describing  work  of  this  kind  is  contained  in  Bulletin 
No.  198,  which  deals  with  the  Cadiz  quadrangle  in  Harrison  County, 
Ohio.  The  second  bulletin  is  No.  318,  which  describes  the  conditions 
existing  in  the  Steubenville  quadrangle  in  Ohio  and  West  Virginia 
and  in  the  Burgettstown  and  Claysville  quadrangles  in  Pennsylvania. 
The  present  report,  which  is  the  third  of  the  series,  treats  of  the 
Flushing  quadrangle  in  Harrison,  Belmont,  and  Guernsey  counties, 
Ohio. 

The  object  of  this  work  is  to  determine  accurately  the  geologic 
structure  of  the  surface  rocks  and  of  the  Berea  sand  (which  is  the 
principal  oil-bearing  stratum  of  this  part  of  the  field),  and  from  this 
structure  to  determine,  if  possible,  where  the  conditions  are  favorable 
for  the  accumulation  of  oil  and  gas.  The  first  step  in  the  work  is  to 
ascertain  the  structure  or  lay  of  the  surface  rocks.  Then  it  is  neces- 
sary to  determine  what  degree  of  parallelism  exists  between  the  rocks 
that  outcrop  at  the  surface  and  those  that  lie  from  1,000  to  2,000 
feet  below  the  surface,  and  by  means  of  this  parallelism  to  construct 
a  map  of  the  oil  sand  as  if  all  the  geologic  formations  above  it  had 
been  removed  and  the  upper  surface  of  the  sandstone  were  open  to 
view. 

Previous  work  of  this  kind  has  been  carried  on  in  areas  in  which  a 
considerable  amount  of  oil  and  gas  territory  had  been  developed  prior 
to  the  survey.  In  such  regions  it  was  possible  by  means  of  wells 
already  drilled  to  check  the  degree  of  exactness  to  which  the  oil 
sands  could  be  plotted,  and  by  a  study  of  the  conditions  under  which 
the  oil  and  gas  had  accumulated  to  formulate  general  laws  governing 
such  accumulations. 

In  the  Flushing  quadrangle  very  little  oil  or  gas  has  been  found. 
It  was  for  this  reason  that  the  area  was  selected  for  a  practical  test 
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of  the  principles  which  had  been  determined  in  the  previous  surveys. 
The  Berea  sand,  which  is  the  .'principal  oil  sand  of  this  part  of  Ohio, 
was  known  to  be  present  in  <h}»  <|uadrangle.  The  surface  conditions 
were  also  known  to  ba  faToritble  for  accurate  geologic  work.  By 
selecting  such  an  a]:^£C]«iid  carefully  plotting  th^  structiu^  it  was 
hoped  that  the  a^;pas*\Vliich  are  most  favorable  for  the  accumulation 
of  oil  and  gas^c^i>ril)e  determined,  and  that  thus  the  economic  devel- 
opment of  the  fielJi  would  be  assisted.  The  result  of  the  work  shows 
a  regularity  in  the  structure  which  is  not  favorable  for  large  oil  accu- 
mula"tjo*\&.''  There  are,  however,  minor  structural  features  which 
do\?t\ttess  have  exercised  an  influence  on  the  location  of  deposits  of 
'ilSl.  knd  gas,  and  which  may  be  regarded  as  indicating  favorable  ter^ 
•-fitory. 

The  field  work  in  the  Flushing  quadrangle  was  performed  during 
the  field  season  of  1906  by  B.  J.  Green  and  F.  M.  Hutchinson  under 
the  supervision  of  the  writer. 

L.OCATION,  DRAINAGE,  AND  CUI-TURE. 

The  Flushing  quadrangle  is  situated  in  eastern  Ohio  and  includes 
parts  of  Harrison,  Belmont,  and  Guernsey  coimties.  It  is  limited  by 
meridians  81°  and  SI""  15'  and  by  parallels  40°  and  40°  15'.  The 
area  of  the  quadrangle  is  about  227  square  miles.  It  contains  no 
large  towns,  but  there  are  a  number  of  small  places,  such  as  Flushing, 
Piedmont,  Morristown,  Belmont,  and  Bethesda,  within  it.  The  city 
of  Bamesville  is  a  little  over  1  mile  south  of  the  quadrangle,  near  the 
southwest  comer. 

The  entire  surface  of  the  quadrangle  is  deeply  dissected.  The 
divide  separating  the  waters  of  Muskingum  River  from  those  flowing 
directly  into  Ohio  River  enters  the  quadrangle  in  the  northeast  comer, 
and  extends  southward  through  the  eastern  third  of  the  quadrangle, 
passing  through  the  towns  of  Flushing,  Morristown,  and  Bethesda. 
East  of  this  divide  the  topographic  features  differ  materially  from 
those  on  the  west.  The  streams  flowing  to  the  east  have  a  gradual 
slope  at  a  nearly  imiform  rate  to  the  eastiem  edge  of  the  quadrangle; 
the  streams  flowing  to  the  west  have  cut  deep  canyons  nearly  to  their 
heads,  thus  descending  to  the  general  valley  levels  within  a  very  short 
distance  from  their  sources.  Once  at  those  levels  they  flow  westward 
with  very  little  fall.  Between  the  streams  are  oval-shaped  hills  with 
steep  sides.  Throughout  most  of  the  area  the  rocks  imderlying  the 
region  are  exposed  through  a  vertical  section  from  300  to  400  feet 
thick.  The  surface  is  in  a  high  state  of  cultivation  and  is  traversed 
by  roads  in  all  directions. 

The  Cleveland,  Lorain  and  Wheeling  Railway  (of  the  Baltimore 
and  Ohio  system)  crosses  the  area  from  the  center  of  the  eastern 
margin  to  the  northwest  comer,  and  the  main  Baltimore  and  Ohio 
Railroad  line  passes  through  the  southeast  comer. 
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GEOIiOGY. 

ROCKS  SHOWING  AT  THE  SURFACE. 

The  rocks  which  outcrop  at  the  surface  of  the  Flushing  quadrangle 
are  included  in  the  Washington,  Monongahela,  and  Conemaugh  forma- 
tions of  the  Carboniferous  system.  From  the  highest  to  the  lowest 
strata  exposed  the  vertical  distance  is  740  feet.  The  base  of  the  Pitts- 
burg coal  is  accepted  as  a  datum  plane  from  which  to  commence 
descriptions  and  measure  intervals.  This  well-known  coal  bed  is 
constant  over  an  area  covering  many  square  miles  and  therefore 
makes  a  desirable  plane  from  which  to  reckon.  The  other  members 
of  the  formations  will  be  considered  from  this  base,  first  the  overlying 
and  then  the  underlying  beds,  the  pecuUarities  of  each  member  being 
described  and  the  areal  distribution  of  its  outcrop  given. 

MONONGAHELA    FORMATION. 

The  Monongahela  formation  includes  the  rocks  from  the  base  of 
the  Pittsburg  coal  to  the  top  of  the  Waynesburg  coal.  The  principal 
strata  are  the  Pittsburg,  Meigs  Creek,  Uniontown,  and  Waynesburg 
coal  beds. 

Pittsburg  coal. — In  this  region  the  Pittsburg  coal  ranges  in  thickness 
from  40  to  62  inches,  with  an  average  of  about  50  inches  in  the  Flush- 
ing quadrangle.  The  bed  is  usually  divided  into  three  or  four  benches 
by  small  partings  of  half  an  inch  or  less  in  thickness.  One  parting  is 
from  14  to  21  inches  above  the  bottom  and  another  about  4  inches 
higher.  The  coal  is  of  good  quality  and  generally  mined  both  at  local 
banks  and  commercial  mines.  This  coal  bed  is  present  in  most  of  the 
quadrangle.  In  Nottingham  Township,  Harrison  County,  it  extends 
westw^ard  along  the  ridge  to  Prospect  Hill.  In  Moorefield  Townsliip 
the  last  outcrop  to  the  west  is  close  to  the  village  of  Moorefield.  In 
Flushing  TowTiship  the  most  westerly  outcrops  are  found  on  the  ridge 
between  Boggs  Fork  and  Stillwater  Creek  half  a  mile  west  of 
Compher,  and  to  the  west  of  Stillwater  Creek  in  the  hills  south  and 
east  of  Oakgrove.  Northwest  of  these  last-named  outcrops  the  coal 
dips  to  the  southeast.  It  outcrops  along  the  hillsides  above  Stillwater 
Creek  to  a  point  within  a  mile  of  Badgertown.  On  Boggs  Fork  and 
Trail  Run  the  coal  remains  above  water  level  to  a  point  within  a  mile 
of  the  town  of  Flushing.  East  of  the  main  dividing  ridge  this  coal 
does  not  come  to  the  surface  except  for  about  2  miles  on  Crabapple 
Creek  in  Wheeling  Township,  Belmont  County.  At  Laferty,  on 
Wlieeling  Creek,  the  coal  is  about  80  feet  below  the  surface. 

Rocks  between  Pittsburg  coal  and  Meigs  Creek  coal. — The  lower  por- 
tion of  the  interval  between  the  Pittsburg  coal  and  the  Meigs  Creek 
coal  differs  greatly  in  different  localities.  Normally,  the  Pittsburg 
coal  is  overlain  by  a  few  feet  of  shale  extending  to  a  hard  blue 
limestone  usually  about  1  foot  in  thickness.     Above  the  limestone  is 
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shale  to  the  Pittsburg  Rider  coal,  which  is  a  small  bed  from  8  inches 
to  1  foot  in  thickness  and  from  24  to  30  feet  above  the  base  of  the 
Pittsburg  bed;  it  is,  however,  absent  ov^r  the  greater  portion  of  the 
Flushing  quadrangle.  Above  the  Rider  coal  a  second  limestone  stra^ 
tum  about  1  foot  thick  is  found  in  many  places.  Above  this  is  shale 
for  25  feet  or  more  to  a  bed  of  smooth,  light  cream-colored  limestone, 
from  1  to  2  feet  thick,  which  is  especially  prominent  in  the  southwest 
comer  of  Union,  the  northwest  comer  of  Goshen,  and  the  eastern 
side  of  Warren  townships  in  Belmont  County.  From  this  limestone 
up  to  the  Meigs  Creek  coal  is  sandy  shale,  in  places  merging  into 
flaggy  sandstone. 

In  a  large  part  of  the  Flushing  quadrangle  the  lower  part  of  this 
interval,  from  the  Pittsburg  coal  to  the  top  of  the  limestone  overlying 
the  Rider  coal,  is  represented  by  a  massive  buff  sandstone  of  medium 
coarseness  known  as  the  Pittsburg  sandstone.  This  bed  generally 
commences  on  top  of  the  coal  and  in  some  localities  has  replaced 
part  of  the  coal  bed.  The  sandstone  is  present  in  the  western  part 
of  Cadiz  Township,  through  Nottingham  Township,  and  in  the  eastern 
part  of  Moorefield  Township,  in  Harrison  County;  in  the  western 
part  of  Flushing  Township,  in  Kirkwood  Township  to  the  west  of 
Hendrysburg,  and  through  the  western  part  of  Warren  Township,  in 
Belmont  Coimty. 

Meigs  Creek  coal, — The  Meigs  Creek  coal  is  equivalent  to  the 
Sewickley  coal  bed  of  Pennsylvania.  Throughout  a  large  part  of  the 
Flushing  quadrangle  this  coal  is  of  commercial  importance,  main- 
taining a  thickness  of  about  4  feet.  As  a  rule  the  coal  is  overlain  by 
clay  which  is  flinty  in  places  and  ranges  in  thickness  from  8  inches 
to  2  feet.  The  clay  is  locally  overlain  by  a  small  coal  from  6  to  8 
inches  thick.  The  Meigs  Creek  coal  maintains  a  commercial  thick- 
ness through  Athens  Township,  Harrison  County;  and  in  the  eastern 
part  of  Flushing,  the  whole  of  Union,  Goshen,  Warren,  and  the  south- 
em  part  of  Karkwood  townships,  Belmont  County. 

The  interval  between  the  base  of  the  Pittsburg  coal  and  the  top  of 
the  Meigs  Creek  coal  was  measured  in  55  different  places  in  the  quad- 
rangle, with  the  results  shown  in  the  following  table: 

Distance  between  base  of  Pittsburg  coal  arid  top  of  Meigs  Creek  coal. 


TownshiD  '  ^tZsuhS     Minimum    Maximum    Average 

lownsnip.  measure-      inter^^al.       interval,     interval. 


Harrison  County: 


Cadiz 4  86  100  94 

Athens i  7  86  10(i  % 


Belmont  County : 

East  part  ot  Flushing  and  Wheeling i  7  85  96  91 

Union '  8  85  101  94 

Goshen I  1  95  I  95  95 

West  part  of  Flushing 4  99,  101  100 

North  half  of  Kirkwood '  8  95'  102  101 

South  half  of  KirkM'ood '  8  94  i  113  1(« 

Warren 8]  101  109  105 


Number  of 

Minimum 

Maximum 

measure- 
ments. 

interv^al. 

interval. 

Feet. 

Feet 

4 

86 

100 

86 

10(-> 

85 

96 

85 

101 

95 

95 

99 

101 

8 

95 

102 

8 

94 

113 

8 

101 

109 

interval. 


Feet. 
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Rocks  between  Meigs  Creek  coal  and  Uniontown  coal, — The  interval 
between  the  Meigs  Creek  and  Uniontown  coals  is  occupied  by  cal- 
ciureons  shale.  In  places  the  lower  portion  contains  thin  beds  of  a 
slabby  white  limestone  which  is  the  equivalent  of  that  portion  of 
the  Benwood  limestone  known  as  the  Dinsmore.  Near  the  center 
of  the  interval  is  often  found  a  bed  of  hard  limestone  about  1  foot 
thick.  This  bed  is  not  constant  enough,  however,  to  make  a  good 
reference  stratum.  The  rocks  in  the  upper  portion  of  the  interval 
consist  of  shale,  with  here  and  there  a  bed  of  limestone  a  short  dis- 
tance below  the  Uniontown  coal.  In  the  vicinity  and  to  the  east  of 
the  town  of  Flushing  the  separate  limestone  beds  are  better  developed 
than  in  other  parts  of  the  quadrangle. 

Uniontown  coal, — This  coal,  which  is  known  as  No.  11  of  the 
Ohio  series,  has  a  thickness  of  8  to  30  inches.  It  is  best  developed 
on  Bend  Fork  south  of  Bethesda,  where  it  has  been  mined  in  a  small 
way.  It  is  here  30  inches  thiek,  with  a  2-inch  parting  of  shale  10 
inches  from  the  bottom  and  1  inch  of  clay  24  inches  from  the  bot- 
tom. The  Uniontown  coal  appears  in  the  high  hills  in  the  north 
part  of  Athens  Township  and  thence  south  along  the  main  dividing 
ridge.  On  the  ridge  south  of  Trail  Run  it  extends  westward  to 
Rock  Hill.  It  is  generally  present  in  Union,  Goshen,  Warren,  and 
southern  Kirkwood  townships  in  Belmont  County. 

The  distance  from  the  Meigs  Creek  coal  to  the  Uniontown  coal 
was  measured  in  19  different  places  in  the  quadrangle,  with  results 
as  shown  in  the  following  table: 

Distance  from  top  of  Uniontown  coal  to  top  of  Meigs  Creek  coal  and  to  base  of 

Pittsburg  coal. 


Township. 


Harrison  County 

Cadiz 

Athens 

Belmont  County: 

Flushing 

Unlorr 

Goshen 

Kirkwood... 
Warren 


Number  of  j 
measure- 
ments. 


Meigs  Creek  coal. 

Pitts- 

burg 

Minimum 

Maximum 

Average 

coal- 

interval. 

interval. 

interval. 
Feet. 

interval. 

Feet. 

Feet 

Feet. 

82 

82 

82 

176 

80 

100 

92 

188 

89 

99 

95 

/         a  186 
t         f>  195 

98 

108 

10? 

197 

96 

96 

«) 

196 

90 

105 

97 

.199 

91 

105 

98 

203 

a  East  part.  b  West  part. 

Rocks  between  Uniontown  coal  and  Waynesburg  coal. — The  section 
between  the  Uniontown  coal  and  the  Waynesburg  coal  is  composed 
mostly  of  shale,  which  is  sandy  in  the  upper  portion.  Below  the 
Wa^Tiesburg  coal  in  many  places  is  a  limestone,  above  which  is  fire 
clay  extending  to  the  bottom  of  the  coal. 

Waynesburg  coal. — The  Waynesburg  coal  ranges  from  20  to  40 
inches  in  thickness  and  is  best  developed  in  the  southeast  corner  of 
37623--Bull.  346-08 2 
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Union  Township  and  in  Goshen  Township.  This  coal  is  mined  in  a 
small  way  northwest  and  south  of  Belmont,  where  it  has  a  thickness 
of  about  40  inches,  with  a  half-inch  parting  of  shale  19  inches  from  the 
bottom. 

The  distance  from  the  Uniontown  coal  to  the  Waynesburg  coal  was 
measured  in  27  different  places  in  the  quadrangle,  as  shown  in  the 
following  table : 

Distance  from  top  of  Waynesburg  coal  to  top  of  Uniontovm  coal  and  to  base  of 

Pittsburg  coal. 


Township. 


I  Number  of  | 

I  measure-  | 

ments.     i 


Uniontown  coal. 


Minimum 
inteiVai. 


Maximum 
interval. 


Average 
interval. 


Pitts- 
burg 
coal- 
average 
interval. 


Harrison  County: 

Athens 

Flushing ' 

Belmont  County: 

Union 

Goshen 

Kirkwood 

Warren 

a  East  part.  b  West  part. 


Feet. 


35 

38 

36 
37 
38 
47 


Feet. 


Feet. 


63 


(^) 


59 


Feet. 
225 
<>229 
6238 

246 
242 
245 
262 


c  Goshen  average  used. 


WASHINGTON    FORMATION. 

The  Washington  formation  includes  the  rocks  from  the  top  of  the 
Waynesburg  coal  to  the  top  of  the  Upper  Washington  limestone.  The 
well-marked  strata  which  occupy  this  interval  in  Pennsylvania  are 
not  sufficiently  developed  in  the  Flushing  quadrangle  to  be  easily  rec- 
ognized. The  only  members  positively  identified  are  the  Washington 
coal  and  the  Upper  Washington  limestone. 

Rocks  between  Waynesburg  coed  and  }VaMngton  coal, — Overlying 
the  Waynesburg  coal  is  from  1  to  6  feet  of  shale,  above  which  is  the 
Waynesburg  sandstone.  This  sandstone,  which  is  of  a  light-brown 
color,  occurs  in  layers  from  6  inches  to  2  feet  thick,  the  combined  lay- 
ers having  a  total  thickness  of  15  to  20  feet.  Above  this  is  a  sandy 
shale  which  extends  to  a  bed  of  easily  disintegrated  limestone,  with  6 
to  8  inches  of  dark-colored  fire  clay  above.  The  average  distance  of 
this  clay  above  the  Waynesburg  coal  is  about  52  feet.  It  probably 
represents  the  horizon  of  the  Waynesburg  B  coal  of  Pennsylvania. 
From  the  clay  to  the  Washington  coal  is  shale,  with  no  distinctive 
features. 

Washin/fton  coal. — The  Washington  coal  is  present  in  the  southeast 
corner  of  the  quadrangle,  with  a  thickness  of  1  i  to  2  feet  of  solid  coal 
underlain  by  6  feet  of  very  black  shale.  The  northernmost  outcrop 
in  the  quadrangle  is  in  the  liill  at  the  crossroads  IJ  miles  northeast  of 
Morristown.  From  this  place  it  is  found  in  the  higher  hills  to  the 
southeast  and  along  the  main  dividing  ridge  as  far  west  as  SpeideL 
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The  distance  between  the  Waynesburg  and  Washington  coals  was 
measured  in  seven  different  places  in  the  quadrangle,  with  the  results 
shown  in  the  following  table: 

Distance  Jrom  Washington  cocU  to  top  of  Waynesburg  coal  and  to  base  of  Pittsburg  coal. 


Number  of 
measure- 
ments. 

Waynesbuig  coal. 

Pitts- 
buig 
coal- 
average 
interval. 

Township. 

interval. 

Maximum 
interval. 

Average 
interval. 

Belmont  County: 

Union 

2 
5 

Feet, 
99 
89 

Feet. 
101 
98 

.    Feet. 
100 
92 

Feet. 
346 

Qoahen 

334 

Rocks  between  Washington  coal  and  Upper  Washington  limestone. — 
The  rocks  lying  between  the  Washington  coal  and  the  Upper  Washing- 
ton limestone  are  present  in  the  Flushing  quadrangle  only  in  the  high 
ridges  to  the  south  of  the  Baltimore  and  Ohio  Railroad.  They  consist 
mostly  of  shale,  with  one  or  two  limestone  beds  which  could  not  be 
identified  owing  to  their  poor  development  and  their  small  area  of 
outcrop. 

Upper  Washington  limestone. — The  Upper  Washington  limestone 
occurs  in  the  tops  of  the  high  ridge  in  the  southeast  comer  of  the  quad- 
rangle. It  is  a  double  bed,  each  section  of  which  is  about  1  foot  thick. 
Two  measurements  of  the  distance  of  this  bed  above  the  Washington 
coal  were  obtained,  both  of  which  show  the  interval  to  be  160  feet. 
This  makes  the  Upper  Washington  limestone  494  feet  above  the  base 
of  the  Pittsburg  coal.  This  limestone  is  the  highest  reference  stratum 
in  the  quadrangle. 

CONEMAUGH    FORMATION. 

The  Conemaugh  formation  lies  below  the  Pittsburg  coal,  extending 
from  the  base  of  that  bed  to  the  top  of  the  Upper  Freeport  coal.  It 
contains  the  Pittsburg,  Ames,  and  Cambridge  limestones,  all  of  which 
are  easily  identified  and  can  be  used  as  reference  strata.  Besides 
these  are  some  local  coal  and  limestone  beds,  which  are  available  as 
guides  to  the  geology  over  small  areas.  In  describing  the  members  of 
the  Conemaugh  formation  the  order  of  considering  the  members  is 
reversed,  the  highest  or  those  nearest  the  Pittsburg  coal  being  con- 
sidered first.  The  distances  are  computed  from  the  same  datum  plane 
(the  base  of  the  Pittsburg  coal),  being,  however,  down  instead  of  up. 

Pittsburg  limestone. — The  Pittsburg  limestone  ranges  from  1  to  4  feet 
in  thickness.  Where  the  greater  thickness  is  present  it  is  divided  into 
two  beds.  Its  position  ranges  from  a  few  inches  to  25  feet  below  the 
base  of  the  Pittsburg  coal.  Normally  there  is  a  foot  of  fire  clay  under 
the  coal,  with  the  limestone  next  below.  In  many  places,  however, 
the  limestone  is  next  to  the  coal  and  the  fire  clay  below  the  limestone. 
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Where  the  interval  between  the  coal  and  limestone  is  20  feet  or  mot 
it  is  occupied  by  fire  clay  and  shale. 

The  distance  from  the  base  of  the  Pittsburg  coal  to  the  top  of 
Pittsburg  limestone  was  measured  in  12  diflFerent  places  in  the  qi 
rangle,  with  the  results  shown  in  the  following  table: 

Distance  from  top  of  Pittsburg  limestone  to  hose  of  Pittsburg  coal. 


Township, 

Harrison  County: 

Cadiz 

Belmont  County: 

Flushing 

Kirkwood 

Moorefleld 


Number  of 
measure- 
ments. 


Minimum 
interval. 


Feet. 


Maximum 
interval. 


Feet. 


Rocks  between  Pittsburg  limestone  and  Ames  limestone. — The 
between  the  Pittsburg  limestone  and  the  Ames  limestone  coe 
mostly  of  sandy  shale  and  sandstone.     In  the  vicinity  of  Cassvill^ 
in  the  western  part  of  Cadiz  Townsliip,  Harrison  County,  is  a 
of  hard  limestone  with  a  rough  surface,  showing  on  fracture  a  cod 
glomerate  of  small  particles  of  limestone,  ranging  in  color  from  ligh 
buflF  through  brown  to  red.     This  rock  carries  a  small  percentage 
iron,  which  gives  a  red  color  to  the  mud  formed  when  the  rock 
disintegrated.     By  two  measurements  in  Cadiz  Township  this  rockS 
was  found  to  be  79  and  96  feet  below  the  Pittsburg  coal;  two  in^ 
Nottingham  Township  gave  72  and  74  feet  below  the  coal ;  and  two  i 
in  the  western  part  of  Flushing  Township  gave  44  and  58  feet  below 
the  coal.     The  average  of  all  measurements  is  70  feet,  but  the  result 
is  not  satisfactory,  owing  to  the  great  variation  of  the  measurements 
in  the  diflFerent  sections.  >, 

In  Cadiz  and  Athens  townships  a  coal  or  black  shale  1  foot  thick 
occurs  in  the  interval  of  145  feet  below  the  Pittsburg  coal.  In 
Moorefield  and  western  Flushing  townships  this  interval  is  only  115 
feet,  as  determined  by  the  average  of  five  measurements. 

In  the  lower  part  of  the  interval  between  the  Pittsburg  limestone 
and  the  Ames  limestone  is  a  massive  sandstone  from  15  to  30  feet 
thick.  Its  base  is  usually  from  10  to  12  feet  above  the  Ames  lime- 
stone, but  in  many  places  the  sandstone  lies  directly  above  the  lime- 
stone or  has  entirely  replaced  it. 

Ames  limestone. — The  Ames  limestone  is  a  bed  of  hard,  green 
limestone  from  1  to  3  feet  thick.  It  contains  many  fossil  crinoid 
stems  and  brachiopods,  these  fossils  being  most  plentiful  in  the 
upper  portion  of  the  bed.  The  distance  from  the  base  of  the 
Pittsburg  coal  to  the  Ames  limestone  was  measured  in  13  different 
places  in  Flushing,  Moorefield,  and  Kirkwood  townships.  Eleven 
of  these  measurements  show  an  interval  ranging  from  161  to  176 
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feet,  with  an^average  of  171  feet.  Two  other  measurements  show 
distances  of  185  and  147  feet.  The  average  of  all  measurements  is 
168  feet.  ^ 

Rocks  between  Ames  limestone  and  Cambridge  limestone. — The  rocks 
between  the  Ames  limestone  and  the  Cambridge  limestone  are  fully 
exposed  only  in  the  northwest  corner  of  the  quadrangle.  In  order 
to  measure  the  distance  between  these  two  beds  of  limestone,  levels 
were  nm  a  mile  or  so  west  of  the  quadrangle,  where  outcrops  of  both 
beds  were  crossed.  The  result  of  these  measurements  shows  a 
distance  of  74  feet  between  the  two  limestones,  with  a  coal  18  feet 
above  the  Cambridge.  This  coal  is  from  a  few  inches  to  2  feet  in 
thickness,  and  it  has  been  mined  in  a  small  way  in  the  northwest 
quarter  of  the  quadrangle. 

Cambridge  limestone. — The  Cambridge  is  a  dark-gray  limestone, 
weathering  to  a  light  yellow.  It  contains  many  fossil  brachiopods 
and  a  few  crinoid  stems.  The  distances  from  the  Cambridge  coal 
and  the  Cambridge  limestone  to  the  Pittsburg  coal  are  accepted  as 
227  and  245  feet,  respectively. 

Mahoning  sandstone, — The  top  of  the  Mahoning  sandstone,  a 
coarse,  buff,  massive  rock,  appears  in  the  northwest  comer  of  the 
quadrangle.  It  attains  a  thickness  of  about  40  feet  just  west  of  the 
quadrangle  boundary.  Directly  under  the  Mahoning  sandstone  is 
the  Upper  Freeport  coal,  which  is  not  exposed  in  this  quadrangle, 
but  is  worked  along  Stillwater  Valley  just  beyond  the  west  side. 

ROCKS  WHOLLY  BELOW  THE  SURFACE. 

The  subsurface  rocks  to  be  considered  are  those  extending  down 
to  and  including  the  Berea  sandstone.  Knowledge  of  these  rocks 
is  obtained  only  from  the  logs  of  wells.  Only  a  few  detailed  records 
were  obtained  from  the  wells  in  the  Flushing  quadrangle,  and  these 
few  do  not  agree  with  each  other  closely  enough  to  furnish  a  descrip- 
tion of  the  rocks.  The  following  are  some  of  the  best  records  ob- 
tained: 

Log  of  v:ell^  {No.  13)  on  the  Margaret  Dunlapfann,  in  Moorefield  Township,  Harrison 

County. 


Thickness. 


Distance 
below 

mouth  of 
well. 


-I- 


Feet.  Feet. 

Shale ,  red .' i  01  0 

Shale,  KTav 119  61 

Coal,  small  bed I  2  180 

Shale '  395  2a5 

Sand  (filled  with  water) 60  600 

Shale,  soft,  dark 140  660 


Distance 

below 

base  of 

Pittsburg 

coal. 


Feet. 

140 
201 
320 
345 
740 
800 


ooaie,  son,  aars nu  o«u  i  jjiaj 

Sand,  Big  Injun i  23.5  800  I  940 

Shale 357  1.035  1.175 

Sand,  hard,  Berea  (water) '  24  1,392  |  1.532 


I 


a  Mouth  of  well,  943  feet  above  sea.    Base  of  Pittsburg  coal  at  well,  1,083  feet  above  sea. 
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Log  of  wella  (No.  4B)  on  the  Abrier  Lodge  farm  in  Union  Township, Belmont  County. 


Thkskness. 

Distance 

below 

mouth  of 

weU. 

Distance 
below  base 

of  Pitts- 
burg coal. 

Coal,  Meigs  Creek 

Feet. 

4 

87 

5 

5 

113 

45 

375 

6 

66 

10 

104 

50 

50 

60 

25 

20 

10 

225 

50 

240 

35 

11 

35 

Feet. 
25 

Fret. 

6  97 

Limestone 

29  <               l»93 

Coal,  Pittsbursr 

117 
112 
127 
240 
285 

t>5 

shSe^  ^^!^. .::.::::::;;:;:;::::::::::: ::::::::::::::::::::: 

0 

Limestone 

5 

Sand 

118 

Shale 

163 

Coal,  Upper  Freeport 

660 

nan 

flhaift 

666  1                 444 

Coal 

720  :                 604 

Shale 

736  :                 614 

Sand 

840  '                 718 

Shale 

890                    768 

Sand ,  Salt  sand 

940                    818 

Shale 

1,010                    888 
1,035                   Q13 

Sand  and  broken  shells 

Shale,  black 

1,055 
1,065 
1,290 
1.349 
1,589 
1.624 
1,635 

933 

Sand,  Big  Injun 

943 

Shale 

1,166 

Limestone 

1.227 

Shale 

1.467 

S1m^|<«,  brown 

1.502 

Sand ,  Berea 

1,513 

a  Mouth  of  well,  1,106  feet  above  sea.    Base  of  Pittsburg  coal  at  well,  984  feet  above  sea. 
b  Above  base  of  Pittsburg  coal. 

Log  of  wello  (No.  5.3)  on  the  Albert  Romans  farm  in  Londonderry  Township,  Guernsey 

County. 


Thickness 


Limestone,  Ames 

Coal 

Sand,  white 

Coal 

Sand,  white 

Coal 

Sand  (wich  salt  water) 

Coal 

Sand,  my 

Sand,  Hurry-up 

Sand  (show  of  oil;  water  at  720  feet) 

Sand 

Shale 

Sand,  gray  (show  of  oil) 

Shale,  black 

Sand,  Big  Injun 

Sand,  Berea 


Feet. 


Distance  Distance 

below  below  base 

mouth  of  of  Pitts- 
well,  burg  coal. 


Feet. 


23 
226 
320 
332 
336 
446 
458 
485 
490 
545 
654 
840 
860 
897 
917 
956 
1,407 


Feet. 


171 
374 
468 
480 
484 
594 
606 
633 
638 
607 
802 
968 
,008 
,045 
,066 
1,104 
1,556 


a  Mouth  of  well,  1,164  feet  above  t 


Base  of  Pittsburg  coal  at  well,  1,312  feet  above  sea. 
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Log  ofweU^  (No,  67)  on  the  P,  E.  Calhoun  farm  in  Londonderry  Township,  Guernsey 

County. 


Sand ^ 

ShAle.  red? 

StuUe,  white 

Shale,  red 

Limestone,  blue. 
Coal. 


Ltmeetone.  white. 

Shale,  red 

Umeetone 

Shale,  black 

Umeetone,  white. 
Coal. 


Shale,  white 

Sand 

Shale,  black 

Shale,  white 

Limestone,  white 

Sand,  white 

Shale,  black 

Limestone,  black 

Sand,  white 

Shale,  black 

L&nestone 

Shale,  black 

Sand,  white 

Shale,  black 

Limestone 

Sand,  white.  Keener. 
Shale. 


Sand.  Big  Injun. 

Shale 

Limestone 

Shale 

Sand  and  shale.. 

Shale,  black 

Sand.  Berea 


Distance 

Distance 

Thickness. 

below 
mouth  of 

below  base 
of  Pitts- 

well. 

burg  coal. 

Feet. 

Feet. 

Feet. 

15 

10 

214 

10 

25 

229 

15 

35 

230 

5 

50 

254 

41 

55 

250 

2 

96 

300 

27 

96 

302 

20 

125 

329 

30 

145 

349 

50 

175 

379 

25 

225 

429 

3 

250 

454 

25 

253 

457 

10 

278 

482 

12 

288 

492 

15 

300 

504 

30 

315 

519 

25 

.     345 

549 

15 

370 

574 

15 

385 

5H9 

20 

400 

G04 

10 

420 

624 

50 

430 

634 

15 

480 

684 

45 

495 

699 

47 

540 

744 

53 

5S7 

791 

90 

640 

844 

30 

730 

934 

200 

760 

964 

40 

•     960 

1,164 

65 

1,000 

1,204 

110 

1,065 

1,260 

37 

1,240 

1,444 

33 

1,277 

1,481 

19 

1,310 

1,514 

a  Mouth  of  well,  1,025  feet  above  sea.    Base  of  Pittsburg  coal  at  well,  1.229  feet  above  sea. 
Log  of  wellf^  (No.  98)  on  the  F.  M.  Taggert  farm  in  Union  Township^  Belmont  County. 


Thickness. 


Shale 

Coal,  Meigs  Creek 

Limestone  and  shale 

Coal,  Pittsburg 

Limestone  and  red  shale 

Shale,  white  and  black 

Shale,  brown 

Sand,  gray,  First  Cow  Run 

Shale 

Sand,  Second  Cow  Run 

Shale,  black 

Sand 

Limestone  and  shale 

Sand,  Keener  (show  of  oil  and  gas) 

Shale,  white 

Sand.  Big  Injun 

Shale 

Limestone  and  shale 

Sand,  Berea  (salt  water) 


Feet. 


89 

5 

90 

4 

430 
60 
40 
55 

112 

107 
12 
40 
01 
40 
5 

237 

m 

272 

28 


Distance 
below 

mouth  of 
well. 


Feet. 


Distance 
below  base 

of  Pitts- 
burg coal. 


21 

110  , 

115 

205 

209 

639  ! 

609 

739 

794 

906 

1.013 

1,025 

1.065 

1,120 

I.IW) 

1,171 

1,408 

1,468 

1,740 


Feet. 

6  188 

699 

6  94 

64 

0 

430 

49U 

530 

585 

097 

804 

816 

S5e 

917 

957 

902 

1.199 

1,259 

1,531 


a  Mouth  of  well,  1,193  feet  above  a 
ft  Above  base  of  Pittsburg  coal. 


Base  of  Pittsburg  coal  at  well,  984  feet  above  sea. 
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BE8UI.T8  OF  THE  WORK, 

OBJECT. 

The  object  of  the  work  m  the  Flushing  quadrangle  was  to  produce 
a  map  of  the  Berea  oil  sand  with  as  great  a  degree  of  accuracy  as  was 
possible  from  the  geologic  conditions,  and  with  sufficient  detail  to 
make  it  of  value  to  the  practical  oil  man  in  the  location  and  develop- 
ment of  oil  and  gas  territory. 

In  work  of  this  character  there  are  two  conditions  which  govern 
the  accuracy  of  the  final  result.  These  are  (1)  the  degree  of  paral- 
leUsm  that  exists  between  the  outcropping  strata  and  the  oil  sand, 
and  (2)  the  regularity  of  the  variation  in  the  distance  between  these 
beds. 

SUBSURFACE  MAPPING. 
GENERAL   STATEMENT. 

The  mapping  of  a  subsurface  stratum  consists  of  three  distinct  steps : 

First,  it  is  necessary  to  find  the  elevations  of  the  outcrops  of  differ- 
ent known  strata;  then,  having  determined  the  average  distance  and 
the  variations  in  this  distance  between  these  strata,  by  combining 
these  data  to  prepare  a  contour  map  showing  the  geologic  structure 
of  some  prominent  stratum  called  a  key  rock. 

Second,  by  means  of  the  measured  depth  to  the  oil  sand  from  the 
mouths  of  test  wells  already  drilled,  to  determine  by  leveling  to  these 
wells  the  distances  in  diflFerent  parts  of  the  area  between  the  key  rock 
and  the  oil  sand  it  is  proposed  to  map. 

Third,  by  means  of  a  mechanical  drawing  called  a  convergence 
sheet  to  correct  for  the  variations  in  distances  between  the  key 
stratum  and  the  oil  sand  in  different  parts  of  the  area,  and  then  to 
project  the  elevations  obtained  upon  the  key  horizon,  thereby  deter- 
mining the  correct  elevation  of  the  oil  sand. 

BASE   MAP. 

The  first  requisite  in  this  work  is  a  good  topographic  base  map 
upon  which  to  indicate  the  horizontal  locations  of  the  outcrops  of 
different  strata.  The  base  map  of  the  Flushing  quadrangle  is  the 
topographic  atlas  sheet  surveyed  in  1903  by  the  United  States  Geo- 
logical Survey.  On  this  map  were  located  in  horizontal  position 
the  outcrops  of  the  different  strata.  The  elevation  of  the  outcrops 
at  each  of  these  points  was  obtained  by  a  spirit  level  wliich  was  run 
from  permanent  bench  marks  established  by  the  topograpliic  engi- 
neers. For  this  work  the  level  lines  were  carried  over  all  roads,  up  a 
great  many  streams,  and  along  a  number  of  ridges.  In  this  way  the 
elevations  of  the  outcrops  all  over  the  quadrangle  were  obtained. 
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MEASUREMENT   OF   INTERVALS. 

The  intervals  between  the  different  surface  strata  were  obtained  by 
comparing  the  elevation  of  outcrops  of  different  strata  where  they  are 
near  together  and  where  the  elevation  of  the  outcrop  of  one  stratum 
could  be  compared  with  the  elevation  of  two  outcrops  of  another 
stratum  on  different  sides  of  the  first.  In  this  way  a  great  many 
comparisons  were  made,  and  the  average  distance  betw^een  the  beds  in 
the  different  townships  was  obtained.  The  results  of  this  w^ork  have 
been  given  imder  the  heading  ''Geology.''  In  considering  these 
results  with  a  view  to  determining  what  degree  of  accuracy  can  reason- 
ably be  expected  in  the  structure  map  of  the  key  horizon,  it  is  found 
that  out  of  51  measurements  of  the  distance  between  the  Meigs  Creek 
coal  and  the  Pittsburg  coal,  when  averaged  by  townships,  the  mini- 
mum and  maximum  in  each  township  are  within  10  feet  of  the  aver- 
age, and  that  the  range  is  usually  nearly  20  feet  when  a  number  of 
measiu*ements  are  taken.  The  same  condition  holds  for  the  dis- 
tances between  the  prominent  beds  above  the  Meigs  Creek  coal.  The 
Pittsburg  limestone,  whose  distance  below  the  Pittsburg  coal  is  from  a 
few  inches  to  29  feet,  has  the  same  range  of  variation  as  the  strata  at 
distances  of  200  or  300  feet  from  the  Pittsburg  coal.  This  indicates 
that  there  is  a  local  divergence  from  parallelism  between  the  different 
strata  of  about  20  feet,  that  the  average  distance  between  strata  over 
small  areas  will  give  results  that  are  probably  correct  witliin  10  feet, 
and  closer  accuracy  than  this  is  not  to  be  looked  for. 

The  distance  of  171  feet  between  the  Pittsburg  coal  and  the  Ames 
limestone  in  the  northwest  quarter  of  the  Flushing  quadrangle  is 
believed  to  be  very  nearly  correct.  This  probably  diminishes  from 
the  south  and  east  toward  the  northwest.  The  measurements  of  tliis 
interval  made  in  the  central  and  western  parts  of  the  Cadiz  quad- 
rangle ranged  from  205  to  230  feet.  The  determination  of  the  dis- 
tance from  the  limestone  bed  lying  between  the  Pittsburg  limestone 
and  the  Ames  limestone  to  the  Pittsburg  coal  is  poor.  All  measure- 
ments show  this  interval  to  vary  abruptly  from  east  to  west.  The 
position  of  the  Cambridge  limestone  and  the  coal  above  it  with  refer- 
ence to  the  Ames  limestone  was  determined  at  only  a  few  places,  but 
the  measurements  so  obtained  are  believed  to  be  good. 

SURFACE    STRUCTURE    MAP. 

As  the  Pittsburg  coal  is  the  most  prominent  outcropping  stratum 
in  the  quadrangle,  its  base  is  accepted  as  the  key  horizon  by  which 
the  structure  of  the  surface  rocks  is  represented.  The  elevation  of 
the  outcrops  of  this  horizon  were  determined  wherever  possible 
directly  with  a  spirit  level.     To  the  determined  elevation  of  every 
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other  outcropping  horizon  was  added  or  subtracted  the  average  dis- 
tance of  that  particular  horizon  below  or  above  the  base  of  the  Pitts- 
burg coal  in  that  township.  This  resulted  in  establishing  the  eleva- 
tion of  the  Pittsburg  coal  at  neariy  000  locations.  The  points  of 
equal  elevation  were  connected  by  lines,  thus  forming  a  contour  map 
of  the  bottom  surface  of  the  Pittsburg  coal  (PL  I).  Data  for  making 
the  surface  structural  map  are  plentiful  in  all  parts  of  the  Flushing 
quadrangle,  except  in  a  portion  of  Moorefield  and  Freeport  town- 
ships, Harrison  County.  In  the  area  to  the  north  and  west  of  the 
village  of  Piedmont  the  Ames  limstone  seems  to  be  absent.  It  is 
probable  that  the  sandstone  whose  base  is  normally  from  10  to  12 
feet  above  the  Ames  limestone  has  descended  and  cut  out  the  lime- 
stone. The  absence  of  this  important  stratum  leaves  the  limestone 
between  the  Pittsburg  limestone  and  the  Ames  limestone  and  a  few 
outcrops  of  what  is  beHeved  to  be  the  Cambridge  coal  as  the  only 
beds  from  which  to  determine  the  structure.  The  scarcity  of  infor- 
mation has  made  it  impossible  to  draw  contours  with  any  degree  of 
accuracy  in  this  area. 

STRUCTURAL    FEATURES. 

The  structural  features  represented  on  PI.  I  are  not  pronounced 
but  rather  monotonous.  The  dip  of  the  rocks  is  to  the  southeast 
with  but  Uttle  irregularity.  The  most  prominent  feature  is  the 
structural  dome  at  Smyrna.  Here  the  Pittsburg  coal  if  it  had  not 
been  eroded  would  lie  at  an  elevation  of  about  1,300  feet,  or  60  feet 
above  the  surface.  Due  east  from  this  dome  is  a  steep  dip  of  about 
160  feet.  This  is  the  steepest  dip  found  for  any  considerable  dis- 
tance in  the  quadrangle.  From  the  Sm3rma  dome  an  anticlinal 
ridge  extends  to  the  southeast,  falling  away  at  a  steep  angle  into  a 
synclinal  trough  on  the  south.  A  second  dome  of  lesser  magnitude 
exists  just  north  of  the  town  of  Fairview. 

A  structural  feature  that  is  important,  though  not  prominent,  is 
the  anticlinal  ridge  which  commences  in  the  northwest  comer  of  the 
quadrangle,  swings  a  little  to  the  south  and  thence  trends  northeast, 
leaving  the  quadrangle  a  little  east  of  the  center  of  the  northern 
boundary.  The  western  portion  of  this  ridge  shows  a  drop  of  about 
60  feet  to.  the  northeast  into  a  basin  on  the  north  edge  of  the  quad- 
rangle. The  geologic  evideijce  regarding  the  depth  of  this  basin  is 
not  of  the  best,  as  nothing  but  outcrops  of  what  is  believed  to  be  the 
Cambridge  coal  were  found  within  the  area.  This  coal  is  kno^\^l  to 
dip  as  represented  by  the  contours.  This  dip,  however,  may  not 
coincide  with  the  dip  of  the  adjacent  rocks.  The  northern  dip  from 
the  anticlinal  ridge  farther  to  the  east  is  more  positively  established 
by  elevations  on  the  Ames  limestone  and  the  Pittsburg  coal,  some 
of  which  are  north  af  the  quadrangle.     The  dip  is  slight,  however, 
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being  in  all  not  over  20  feet.  In  Athens  Township,  Harrison  County, 
a  secondary  fold  exists  to  the  south  of  the  main  anticlinal  ridge. 
The  northwieurd  dip  from  this  fold  is  very  slight,  being  in  places  less 
than  one  contour  interval. 

The  remaining  noticeable  feature  of  the  quadrangle  is  a  slight 
dome  2  miles  northeast  of  Flushing,  whose  northwesterly  dip  is  over 
20  feet.  The  existence  of  this  feature  is  established  by  elevation 
on  both  the  Meigs  Creek  and  the  Uniontown  coal. 

CONVERGENCE   SHEET. 

With  the  surface  structure  defined  by  the  elevations  of  the  Pitts- 
burg coal  as  shown  on  PL  I,  the  next  step  was  to  determine  the  amount 
to  be  subtracted  from  each  elevation  to  make  it  equivalent  to  an 
elevation  on  the  top  of  the  Berea  sand.  This  information  was  gained 
from  wells  already  drilled  within  the  area.  The  quadrangle  was  care- 
fully searched  for  any  existing  wells  or  previously  drilled  dry  holes 
and  it  is  beUeved  that  all  the  test  wells  drilled  prior  to  the  date  of  the 
survey  are  represented  on  the  map  of  the  Berea  sand.  The  elevation 
of  the  mouth  of  each  well  was  obtained  by  spirit  level.  With  this 
information  the  position  of  the  key  horizon  with  reference  to  the 
mouth  of  the  well  is  obtained  from  PL  I,  and  by  a  slight  calcula- 
tion the  distance  from  the  key  horizon  to  the  oil  sand  is  obtained 
from  the  record  of  the  well.  The  records  of  28  wells  on  or  adjacent 
to  the  quadrangle  were  obtained.  From  these  records  was  built  up 
the  convergence  sheet,  which  is  constructed  by  connecting  the  posi- 
tions of  the  different  test  wells  by  straight  lines  and  then  dividing 
these  lines  so  that  each  subdivision  represents  the  horizontal  dis- 
tance in  which  the  vertical  interval  between  the  Pittsburg  coal  and 
the  Berea  sand  decreases  or  increases  10  feet.  The  distance  from  the 
base  of  the  Pittsburg  coal  to  the  top  of  the  Berea  sand  was  found  to 
range  from  1,464  feet  to  1,613  feet,  the  lesser  interval  being  along  the 
north  edge  and  the  greater  near  the  southwest  corner  of  the  quadrangle 
The  interval  does  not  increase  regularly,  however,  but  ranges  from 
1,464  to  about  1,540  feet  in  the  north  third  of  the  quadrangle,  decreases 
to  a  Uttle  over  1,500  feet  in  the  central  part,  and  then  increases  at  a 
uniform  rate  to  the  maximum  distance  at  the  south  edge.  A  large 
area  in  the  center  of  the  quadrangle  is  devoid  of  any  drilled  well  from 
which  arecord  could  be  obtained.  The  assumption  of  an  even  increase 
or  decrease  over  distances  as  great  as  those  between  some  of  the  wells 
from  which  the  convergence  sheet  of  the  Flushing  quadrangle  is  made 
up  is  iindesirable,  but  could  not  be  avoided. 

MAP   OF   THE    BEREA    OIL    SAND. 

With  the  previously  described  work  performed,  the  construction  of 
the  map  of  the  oil  sand  is  very  simple.  The  convergence  sheet  shows 
the  amount  to  be  subtracted  from  each  elevation  of  the  key  horizon. 
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This  amount  in  the  Flushing  quadrangle  was  in  all  cases  greater  than 
the  elevation  of  the  key  horizon,  showing  the  oil  sand  to  be  every- 
where below  sea  level.  To  avoid  the  use  of  the  minus  sign  in  number- 
ing the  contours  of  the  oil  sand,  2,000  feet  were  added  to  each  elevation 
of  the  key  horizon.  This  is  equivalent  to  assuming  a  datum  plane 
2,000  feet  below  sea  level  for  the  map  of  the  oil  sand.  After  subtract- 
ing the  amount  shown  in  the  convergence  sheet  from  each  elevation 
of  the  key  horizon,  the  points  of  equal  elevation  were  connected  by 
lines.  The  result  is  a  contour  map  of  the  Berea  oil  sand  as  shown  in 
PI.  II,  on  which  the  upper  surface  of  the  limestone  cap  of  the  Berea 
sandstone  is  represented  by  contours  printed  in  red.  The  elevations 
of  these  contoiu^  are  shown  by  numbers  figured  from  a  datum  plane 
2,000  feet  below  sea  level.  All  wells  known  to  have  been  drilled  prior 
to  the  date  of  survey  are  also  shown  in  red  with  accepted  symbols  for 
dry  holes,  gas  wells,  and  oil  wells.  Wells  known  to  have  been  drilled 
only  to  some  of  the  upper  sands  are  marked  with  a  cross  to  the  left  of 
the  well  symbol. 

FACTORS  GOVERNING  THE  ACCUMULATION  OF  OIL  AND  GAS. 

Previous  work  of  this  kind  has  demonstrated  that  there  are  three 
primary  factors  which  govern  the  accumulation  of  oil  in  the  rocks. 
These  are  (1)  the  condition  of  the  rocks  as  to  porosity,  (2)  the  area  of 
complete  saturation  by  water  of  the  oil-bearing  stratum,  and  (3)  the 
geologic  structure  of  the  rocks. 

POROSITY. 

The  condition  of  many  of  the  sands  changes  within  short  distances 
from  loose  and  porous  sands  to  closely  cemented  hard  rocks  entirely 
impervious  to  oil  and  water  in  large  quantities.  Some  sandstone 
beds  are  of  the  same  texture  over  large  areas,  both  as  to  the  size  of 
the  solid  particles  forming  them  and  as  to  the  matrix  which  com- 
bines the  separate  grains.  In  others,  although  the  size  of  the  sepa- 
rate grains  remains  relatively  the  same,  the  cementing  material 
changes  from  place  to  place  and  in  this  way  the  relative  porosity  of 
the  rock  is  changed.  Some  sandstone  beds  contain  lenses  of  con- 
glomerate in  which  the  separate  particles  are  of  considerable  size, 
loosely  held  together,  thus  forming  a  condition  of  great  porosity.  A 
knowledge  of  the  general  characteristics  of  a  particular  sandstone 
bed  is  gained  only  by  test  wells.  In  the  Appalachian  oil  field  the 
peculiarities  of  the  principal  oil-bearing  sands  are  pretty  well  known. 

SATURATION. 

The  condition  of  saturation  with  water  is  not  the  same  in  different 
sands.  Experience  has  shown  that  the  older  or  lower  beds  in  the 
Appalachian  field  contain  a  smaller  area  of  completely  saturated  rock 
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than  the  upper  or  younger  sands.  The  lowest  sands  seem  to  be 
almost  entirely  dry,  only  the  very  lowest  points  in  the  center  of  a 
structural  basin  showing  any  considerable  quantity  of  salt  water. 
Above  these  lower  rocks  each  succeeding  stratum  of  sandstone  has  a 
larger  area  in  which  it  is  saturated  with  water.  In  regions  where  the 
sand  rock  is  not  entirely  saturated  there  may  be  separate  areas  of 
saturated  rock  in  each  structural  basin,  the  upper  limits  of  which  are 
at  the  same  elevation  in  any  one  basin  but  at  different  elevations  in 
different  structural  basins. 

STRUCTURE. 

The  effect  of  geologic  structure  on  the  accumulation  of  oil  depends 
on  the  condition  of  satiu'ation  of  the  oil-bearing  stratum. 

If  small  quantities  of  oil  and  gas  are  in  a  dry,  porous  rock  at  different 
points  the  oil  will  move  down  as  long  as  the  slope  is  sufficient  to  over- 
come friction  and  capillary  attraction.  The  gas  will  diffuse  with  the 
air  or  w^ater  vapor  contained  in  the  pores  of  the  rock. 

Oil  and  gas  in  a  porous  rock  that  is  completely  saturated  with 
water  will  first  be  forced  up  to  the  top  of  the  porous  stratum  by  the 
difference  in  the  specific  gravity  of  the  oil  and  the  water.  The  oil 
and  gas  will  accumulate  in  the  upper  part  of  the  rock  if  the  porous 
stratum  is  level,  but  if  it  dips  sufl[iciently  to  overcome  friction  the 
particles  of  oil  and  gas  will  gradually  be  forced  up  the  slope,  the  gas 
w^ith  its  much  lower  specific  gravity  occupying  the  higher  places. 

In  places  where  the  porous  rocks  are  only  in  part  completely 
saturated  a  combination  of  these  two  actions  will  take. place.  The  oil 
above  the  line  of  complete  saturation  will  run  down  to  that  Ime  and 
the  oil  below  will  be  forced  up  to  the  top  of  the  completely  saturated 
portion. 

The  sand  spoken  of  as  porous  may  not  be  so  at  all  points.  If 
in  some  areas  it  is  impervious,  those  areas  will  tend  to  limit  the  move- 
ment of  the  oil  and  gas  through  the  rock.  Although  a  short  distance 
away  the  same  stratum  may  be  porous,  it  must  from  an  oil  standpoint 
be  considered  a  separate  and  distinct  porous  body,  unless  the  area  of 
impervious  rocks  is  so  situated  that  the  oil  can  readily  move  laterally 
around  it. 

PLACES    OF    ACCUMULATION. 

In  dry,  porous  rocks  the  principal  ])oints  of  accunuilation  of  oil 
are  at  the  bottom  or  near  the  bottom  of  the  synclines,  at  the  lowest 
points  of  the  porous  medium,  or  at  any  points  where  the  slope  of  the 
rock  is  not  sufficient  to  overcome  capillary  attraction  and  friction, 
such  as  structural  terraces  or  benches.  In  porous  rocks  that  are 
completely  saturated  the  accumulation  of  both  oil  and  gas  wall  be 
in  the  anticlines  or  along  level  portions  of  the  stnicture.  In  com- 
pletely 3aturated  rocks  of  small  area  the  accumulation  should  occur 
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at  the  highest  point  of  the  porous  medium,  and  where  stops  or  dams 
of  impervious  rocks  exist  in  a  generally  porous  stratum  the  accumu- 
lation should  occur  below  such  impervious  stop,  which  is  really  the 
top  limit  of  the  porous  rock.  In  porous  rocks  that  are  only  partly 
filled  with  water  the  oil  accumulates  at  the  top  limit  of  the  saturated 
area.  This  point  may  be  anywhere  with  reference  to  the  anticlines 
and  synclines. 

The  condition  most  generally  found  is  that  the  rocks  are  saturated 
only  in  a  portion  of  their  volume,  in  which  case  accumulations  of  oil 
may  occur  anywhere  with  reference  to  the  geologic  structure,  though 
they  are  more  likely  to  be  on  terraces  or  levels,  as  these  points  are 
favorable  to  accumulation  in  both  dry  and  saturated  rocks. 

Under  all  conditions  the  most  probable  location  for  the  accumula- 
tion of  gas  is  in  an  anticline,  though  small  folds  along  the  side  of  a 
syncline  may  capture  and  hold  a  supply  of  gas,  or  the  rocks  may  be 
so  close-grained  that  gas  can  not  travel  to  the  anticline,  but  must 
remain  in  greatest  volume  close  to  the  oil  accumulation. 

CONDITIONS  IN  THE  FLUSHING  QUADRANGLE. 
SATURATION    OF   BEREA    SAND. 

In  the  Flushing  quadrangle  the  Berea  sand  lies  in  the  same  struc- 
tural basin  as  in  the  southeastern  half  of  the  Cadiz  quadrangle.  In 
that  portion  of  the  Cadiz  quadrangle  it  was  found  to  be  completely 
saturated  to  an  elevation  of  about  270  to  280  feet  below  sea  level.  This 
is  equivalent  to  an  elevation  of  1 ,720  to  1,730  feet,  as  the  contours  on 
the  Flushing  quadrangle  are  numbered.  This  is  higher  than  any 
portion  of  the  sand  in  the  Flushing  quadrangle,  except  a  very  small 
area  on  top  of  the  Smyrna  anticline.  The  conditions,  therefore,  to 
be  considered  in  this  area  are  those  of  complete  saturation.  Under 
these  conditions  the  oil  should  accumulate  just  below  the  gas  on  the 
crest  of  the  anticlinal  ridges  and  upon  terraces  at  the  top  of  steep 
breaks. 

EXISTING    OIL    POOLS. 

Only  three  oil  pools  have  been  discovered  in  the  Flushing  quadran- 
gle. The  Uniontown  pool,  in  Wheeling  Township,  on  the  east  edge 
of  the  quadrangle,  extends  eastward  into  the  St.  Clairsville  quad- 
rangle for  a  short  distance.  This  pool  is  located  on  a  large  structural 
flat  or  terrace,  only  a  small  portion  of  which  is  covered  by  it.  The 
pool  appears  to  be  well  defined  within  the  quadrangle  by  dry  holes. 
To  the  southeast  the  structure  shows  a  descent  of  about  40  feet. 
This  is  not  favorable  for  the  accumulation  of  oil  unless  a  steep  slope 
of  some  magnitude  exists  in  the  St.  Clairsville  quadrangle. 

In  the  southwestern  portion  of  the  quadrangle  is  the  north  end  of 
the  Barnesville  pool.     This  accumulation  is  on  a  slope  as  shown  by 
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the  contours.  From  the  separate  well  records,  however,  a  very 
narrow  terrace  can  be  recognized.  The  direction  of  the  pool  is  along 
the  strike  of  the  rocks  for  1  to  2  miles  to  the  south  and  then  to  the 
west,  the  elevations  of  the  sand  differing  by  only  a  few  feet  in  all  wells 
where  oil  was  foimd. 

The  third  pool  in  the  quadrangle  is  at  Oakgrove.  This  is  the  only 
accuniulation  so  far  discovered  in  the  quadrangle  that  could  have 
been  foretold  by  a  knowledge  of  the  structure  prior  to  the  drilling  of 
the  wells.  The  location  of  the  pool  is  upon  a  flat  near  the  top  of  the 
Smyrna  anticline.  AIT  wells  so  far  developed  are  small,  and  a  num- 
ber of  dry  holes  are  close  to  the  producing  wells.  The  wells  are  not 
in  the  best  theoretical  location  for  large  production.  The  eastern 
side  of  the  anticline  along  the  Guernsey-Belmont  coimty  line  in  sees. 
32  and  33  appears  to  be  the  most  favorable  territory  from  a  structural 
standpoint.  From  this  point  to  the  east  is  a  strong  dip  of  160  feet. 
Near  the  top  of  this  slope  is  the  theoretical  location  for  oil  accumu- 
lation. The  flat  on  the  structural  nose  in  the  southern  part  of  sec. 
31,  Flushing  Township,  Belmont  County,  looks  favorable  and  \s 
certainly  worthy  of  it  test  well. 

TERBrrORY   FAVORABLE   FOR    NEW    DEVELOPMENT. 

North  of  the  village  of  Fairview,  in  the  northern  part  of  sec.  2, 
Oxford  Township,  Guernsey  County,  is  a  structural  dome  in  which 
there  is  probably  an  accumulation  of  both  oil  and  gas. 

North  of  Morristown  is  a  very  low  dome,  including  all  of  sec.  21, 
Union  Township,  Belmont  County.  The  position  of  this  dome  is 
established  by  elevations  on  a  number  of  the  upper  coal  beds.  It  is 
probable  that  this  feature  extends  down  to  the  Berea  sand.  If  the 
map  is  a  true  representation  of  the  oil  sand,  this  dome  is  a  favorable 
point  for  both  oil  and  gas.  On  its  western  side  a  number  of  wells 
have  been  drilled  which  produced  gas  from  the  upper  sands.  Wells 
Nos.  81  and  98  were  drilled  to  the  Berea  sand  and  reported  dry.  They 
should  not,  however,  condemn  the  entire  area. 

In  the  northern  part  of  sec.  10  and  southern  part  of  sec.  11,  Athens 
Township,  Harrison  County,  is  represented  an  anticlinal  dome  whose 
northern  dip  is  20  feet  or  more.  This  feature  is  established  by  levels 
on  the  Meigs  Creek  coal.  The  conditions  as  represented  should  be 
favorably  for  both  oil  and  gas. 

Along  the  north  edge  of  the  quadrangle,  in  sees.  1,  3,  and  8  of 
Nottingham  Township,  Harrison  County,  is  an  anticline,  and  to  the 
south  of  this  ridge  near  Cassville  is  a  second  anticlinal  fold.  These 
features,  are  not  prominent,  but  they  are  important  owing  to  the 
slight  northward  dip  of  the  formation.  This  northward  dip  is  well 
established  by  levels  on  the  Pittsburg  and  Meigs  Creek  coals.    The 
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main  or  northern  anticline  is  a  direct  extension  from  the  Moholland 
oil  pool,  which  lies  1  mile  to  the  northeast  in  the  Scio  quadrangle. 
This  pool  was  discovered  and  partly  developed  during  the  summer  of 
1906.  The  crest  of  the  anticline  through  the  sections  mentioned  is 
favorable  territory.  The  secondary  anticline  to  the  south  is  detri- 
mental to  the  chances  of  oil  on  the  main  ridge,  as  its  own  dome  may 
have  trapped  the  oil. 

WEIJ:iS  IN  THE  FliUSHING  QUADRANGI.E. 

The  following  table  sets  forth  such  information  as  was  procured 
about  the  wells  drilled  in  the  Flushing  quadrangle.  It  states  in  con- 
cise form  the  owner  of  the  land  on  which  the  wells  were  drilled ;  the 
number  of  them;  the  person  by  whom  they  were  drilled;  the  eleva- 
tions of  their  mouths  above  sea  level;  the  distance  from  their  mouths 
to  the  top  of  the  Berea  sand,  and  their  total  depths.  The  reference 
numbers  of  the  wells  correspond  to  those  given  on  the  map  (PL  II). 
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SURVEY  PUBUCATIONS  ON  PETROLEUM  AND  NATURAL 

GAS. 


The  following  list  includes  the  more  important  papers  relative  to 
oil  and  gas  published  by  the  United  States  Geological  Survey  or  by 
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Adams,  G.  I.  Oil  and  gas  fields  of  the  western  interior  and  northern  Texas  coal 
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Bulletin  No.  184,  pp.  1-64.     1901. 

Adams,  G.  I.,  Haworth,  E.,  and  Crane,  W.  R.  Economic  geology  of  the  lola 
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Anderson,  R.     (See  Arnold,  R.,  and  Anderson,  R.) 
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pp.  357-361.     1906. 

Geology  and  oil  resources  of  the  Summerland  district,   Santa  Barbara 

County,  Cal.    Bulletin  No.  321.    67  pp.      1907. 

(See  also  Eldridge,  G.  H.,  and  Arnold,  R.) 
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(See  also  Stone,  R.  W.,  and  Clapp,  F.  G.) 
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Fenneman,  N.  M.  The  Boulder,  Colo.,  oil  field.  In  Bulletin  No.  213,  pp.  322-332. 
1903. 

Structure  of  the  Boulder  oil  field,  Colorado,  with  records  for  the  year  1903. 

In  Bulletin  No.  225,  pp.  383-391.     1904. 

The  Florence,  Colo.,  oil  field.     In  Bulletin  No.  260,  pp.  436-440.     1905. 

Oil  fields  of  the  Texas-Louisiana  Gulf  coast.     In  Bulletin  No.  260,  pp.  459- 

467.     1905. 

Oil  fields  of  the  Texas-Louisiana  Gulf  coastal  plain.     Bulletin  No.  282.     146 
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Fuller,  M.  L.  The  Gaines  oil  field  in  northern  Pennsylvania.  In  Twenty-second 
Ann.  Rept.,  pt.  3,  pp.  573-627.     1902. 

— ' Asphalt,  oil,  and  gas  in  southwestern  Indiana.     In  Bulletin  No.  213,  pp. 

333-335.     1903. 

The  Hyner  gas  pool,  Clinton  County,  Pa.     In  Bulletin  No.  225,  pp.  392-395. 

1904. 
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Structural  work  during  1901-2  in  the  eastern  Ohio  oil  fields.     In  Bulletin 
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PREFACE. 


By  Alfred  II.  Brooks. 


Though  southeastern  Alaska,  bccaiiso  of  its  im])ortant  mining 
interests,  was  one  of  the  first  fields  in  the  Territory  to  be  investigated 
by  the  Geological  Survey,  yet  up  to  1902  the  work  in  this  region 
had  not  advanced  beyond  the  cursory  examination  of  some  of  the 
more  important  districts.  In  1902  a  topographic  survey  of  a  small 
area  near  Juneau  was  completed,  and  was  followed  during  the  next 
year  by  the  geologic  mapping  of  the  same  area  and  the  extension 
of  a  geologic  reconnaissance  over  a  consideral)le  adjacent  region. 
The  publication  of  the  results  of  these  surveys «  marks  the  first  steps 
in  the  systematic  investigation  of  this  fiekl.  The  present  report  em- 
bodies the  results  of  the  extension  of  these  studies  southward  to  the 
southern  boundary  of  the  Territory.  With  its  ])ublication  a  pre- 
liminary statement  of  the  mineral  resources  of  the  three  most  iui- 
portant  mining  districts  of  southeastern  Alaska — the  Juneau,  the 
Wrangell,  and  the  Ketchikan — will  liave  been  issued. 

The  main  object  of  this  publication  is  to  meet  the  needs  of  the 
mining  engineers  and  prospectors,  and  only  so  much  of  the  general 
geology  has  been  incorporated  as  is  necessary  to  the  understanding 
of  the  occurrence  of  the  commercially  valuable  mineral  deposits.  Hy 
this  policy  it  is  possible  to  pre^sent  some  of  the  economic  results  of  the 
investigations  l)efore  the  completion  of  the  geologic  studies.  A  more 
complete  exposition  of  the  geology  will  be  pi*esented  when  the  field 
has  been  more  exhaustively  studied. 

In  such  a  report  only  the  general  features  of  the  (K'currence  of  the 
ore  bodies  can  be  presented.  A  final  analysis  of  the  various  problems 
connected  with  the  genesis  and  occurrence  of  the  ores  must  await 
detailed  surveys.  Such  geologic  surveys  must  be  pi-eceded  by  topo- 
graphic mapping  and  hence  can  be  carried  on  only  very  slowly.  This 
phase  of  the  work  has  not  l>een  neglected,  for  two  important  mining 
districts,  Berners  Bay  and  Kasaan  Peninsula,  have  been  niai)pe(l 
topographically,  and  the  latter  is  being  studied  by  geologists  as  this 
paper  goes  to  press. 

•  spencer,  A.  C,  The  Juneau  gold  bolt,  Alaska,  :  Wright.  ('.  W..  A  nTonnalssanco  of 
Admiralty  Island,  Alaska:  Bull.  U.  S.  (iool.  Survey  So.  1'87,  11)00.  Uil  w-  '^"^  V^*- 


THE  KETCHIKAN  AND  WRANGELL  MINING  DISTRICTS, 

ALASKA. 


Bv  Frkd  EiGENK  Wright  and  Charlks*  Wii.i.  Wrkjht. 


rNTRODUCTION. 

GENERAL  STATEMENT. 

This  report  deals  mainly  with  the  mineral  resources  of  the  Ketchi- 
kan and  Wrangell  mining  districts,  but  an  introduction,  presenting 
a  summary  of  the  general  facts  so  far  as  known  concerning  the 
geolog>^  of  the  region,  is  necessary.  As  few"  detailed  studies  have 
been  made  except  those  of  individual  prospects  and  mines,  the  work 
must  be  regarded  as  preliminary.  Each  year  since  1004  a  summary 
rej)ort  *^  of  the  mining  developments  and  economic  resources  in  the 
<Iistricts  has  been  published;  and  on  account  of  tliese  pul)li(ati()ns 
and  the  ever-changing  conditions  of  the  mines  more  attention  will 
Ik»  given  in  this  paper  to  the  geologic  relations  and  characteristics 
of  tlie  ore  deposits  than  to  the  details  of  mining  develo})nicnt. 
Building  materials  of  economic  value,  including  marble,  granite, 
and  cement,  are  also  considered  briefly,  and  attention  is  directed  to 
their  increasing  commercial  importance.  This  report  and  the  re- 
j)ort  on  the  Juneau  gold  belt  by  A.  C.  Spencer ''  complete  the  pre- 
liminary description  of  the  important  mining  districts  of  south- 
eastern Alaska.  Though  the  results  obtained  during  the  ra})i(l  re- 
connaissance of  this  large  area  do  not  present  the  refinements  of 
detailed  work,  it  is  hoped  that  their  presentation  in  the  following 
pages  will  give  a  fairly  correct  impression  as  to  the  distribution, 
character,  and  relative  importance  of  the  ore  bodies  and  ore-bearing 
fonnations  in  this  section  of  Alaska. 

Both  field  and  office  work  for  this  report  have  been  carried  on 
under  the  direction  of  Alfred  II.  Brooks,  and  to  him  the  writers  are 
greatly    indebted    for   many    valuable    suggestions:    they    are    also 

-  Hull.  I'.  8.  Oeol.  Survey  No.  1»59.  lOOr,.  pp.  47-S7  :  No.  2S4.  lOOC.  pp.  :;(M50  :  No.  a  14, 
11»07.   pp.   47-81. 

*  Spencer,  A.  C,  The  Juneau  Koid  belt,  Alaska:  Bull.  l*.  S.  (Jrol.  Survey  No.  *_'S7,   IJmm*.. 
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indebted  to  E.  M.  Kindle  and  G.  H.  Girty  for  the  study  of  and  the 
reports  on  the  fossil  collections  from  this  area. 

The  mine  owners,  operators,  and  prosj^ectors  of  the  district,  with- 
out exception,  extended  to  the  writers  a  most  cordial  cooperation  and 
many  courtesies,  which  are  gratefully  acknowledged.  It  is  not  pos- 
sible to  give  the  names  of  all  who  have  aided  in  this  investigation, 
but  the  work  was  especially  facilitated  by  James  Bawden,  of  Ketchi- 
kan ;  U.  S.  Rush,  of  Kasaan ;  B.  A.  Eardly,  of  Dolomi ;  J.  L.  Parker, 
of  Iladley ;  William  B.  Freeburn,  of  Mount  Andrew ;  Barton  B.  Neid- 
ing,  of  Niblack;  Henry  W.  Mellen,  of  Coppermount ;  Charles  A. 
Sulzer,  of  Sulzer;  W.  McLeod,  of  Dall  Island;  Charles  F..  Nassen, 
of  Shakan,  and  Charles  Nelsor,  of  Wrangell. 

To  W.  A.  Langille,  forest  supervisor  of  the  Alexander  Archi- 
pelago, the  writers  are  indebted  for  the  information  regarding  the 
distribution  and  value  of  the  timber  in  the  region. 

FIELD  WORK. 

The  present  reconnaissance  embraced  a  land  area  estimated  at 
14,500  square  miles  and  includes  the  portion  of  the  mainland  extend- 
ing from  Portland  Canal  on  the  south  to  a  line  running  due  east 
from  Cape  Fanshaw  to  the  International  Boundary,  and  those  islands 
of  the  Alexander  Archipelago  south  of  Frederick  Sound  and  Sum- 
ner Strait.  The  Ketchikan  district  to  the  south  is  separated  from 
the  Wrangell  district  to  the  north  by  a  line  through  Sumner  Strait 
around  the  north  end  of  Prince  of  Wales  Island,  down  Clarence 
Strait  as  far  as  Ernest  Sound,  up  Ernest  Sound,  along  Bradfield 
Canal  eastward,  and  across  the  mountain  range  to  the  International 
Boundary. 

Field  work  in  the  Ketchikan  district  w^as  first  undertaken  by 
Brooks  in  1901,  and  the  observations  included  in  his  report  *»  issued 
the  following  year  were  used  as  a  basis  for  the  present  investigation. 

Field  work  was  begun  by  the  writers  May  IG,  1905.  F.  E.  Wright 
started  from  Ketchikan  and  made  a  study  of  Revillagigedo  Island, 
while  C.  W.  Wright  and  E.  M.  Kindle  went  to  Juneau  and  from 
there,  using  a  launch,  visited  the  known  fossil  localities,  made  collec- 
tions, and  studied  the  stratigraphic  relations  on  Admiralty.  Kuiu, 
and  Kupreanof  islands.  This  work  was  completed  June  20,  at  which 
time  the  writers  met  at  Ketchikan  and  were  joined  by  Alfred  II. 
Brooks.  The  entire  party  then  made  a  study  of  the  geologic  section 
across  the  Coast  Kange  as  ex})osed  from  Ketchikan  to  the  head  of 
I^ortland  Canal,  and  returned  to  Ketchikan  June  80.  From  July  1 
to  July  10  Annette  Island  and  a  portion  of  the  east  coast  of  Prince 
of  Wales  Island  were  visited.  F.  E.  Wright  remained  in  this  region 
to  make  detailed  investigations  of  the  mining  areas,  while  (\  W. 

•Brooks,  A.  H.,  Kotchlkan  mining  district  :   Prof.  Papor  T'.  S.  (;«m)1.  Survey  No.   1.  1002. 
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Wright  continued  the  general  geologic  mapping  around  Prince  of 
Wales  Island.  The  latter  completed  his  work  and  returned  to  Juneau 
August  15,  and  from  this  date  to  September  18  was  engaged  in  an 
investigation  of  the  mines  and  prospects  in  the  Juneau  district.® 
During  the  latter  pail  of  September  and  until  October  20,  1005,  he 
studied  the  copper  deposits  in  the  vicinity  of  Copper  Mountain. 
F.  E.  Wright  continued  his  work  in  the  Ketchikan  district  and  on 
August  31  went  north  to  Wrangell,  where  he  studied  the  (^oast  Range 
belt  and  ore  deposits  of  the  Wrangell  district.  This  work  was  com- 
pleted October  10,  1905. 

As  only  three  months  were  devoted  to  the  field  work  in  the  Ketchi- 
kan and  Wrangell  districts  and  as  more  than  half  of  this  time  >yas 
used  at  the  mines,  the  geologic  mapping  had  to  be  pushed  forward 
as  rapidly  as  possible,  and  many  important  fejitures  were  barely 
touched  upon.  Nearly  2,000  miles  of  shore  line  were  hastily  trav- 
ersed, and  the  geologic  mapping  was  confined  principally  to  the  rcx'k 
expasures  along  the  shores  of  the  island  and  mainland.  Thesi>  sliores 
are  generally  rocky,  few  sand  beaches  interrupting  the  continuity 
of  the  rock  exposures,  but,  as  it  was  necessary  to  traverse  from  20  to 
60  miles  of  coast  line  in  a  day,  only  the  broad  geologic  features  (?oiild 
be  noted,  and  wide  areas  in  the  central  parts  of  the  island  still  remain 
unexplored.  This  work,  especially  along  the  west  coast  of  l^rince  of 
Wales  Island,  was  nnich  hampered  by  the  lack  of  charts,  and  it  was 
necessary  to  make  a  sketch  survey  of  portions  of  the  coast  line  in 
conjunction  with  the  geologic  mapping. 

During  the  latter  part  of  Septeml>er,  1900,  and  the  first  week  of 
October,  after  the  completion  of  the  season's  field  work  in  the  Sitka 
and  Skagway  distri(!ts  to  the  north,  C.  W.  Wright  spent  three  weeks 
in  the  Ketclukan  district,  investigating  the  mine  developments. 

MAPS. 

The  charts  of  the  Coast  and  Geodetic  Survey  and  the  results  of 
reconnaissance  surveys  from  181)0  to  181)5  were  used  as  base  maps  and 
foimd  to  be  accurate  to  the  scale.  \o  accurate  survey  charts  along 
the  west  coast  of  Prince  of  Wales  Island  and  the  adjacent  islands  have 
been  issued,  and  the  published  maps  of  this  area  were  found  to  be 
inadequate  and  had  to  be  sui)plemented  by  sketch  surveys  made  by 
the  writers.  As  the  Coast  and  (leodetic  Survey  has  now  begun 
work  in  this  area,  gocxl  charts  will  soon  be  availal)le.  The  relief 
has  been  mapped  in  only  the  eastern  ])art  of  the  province,  where 
topographic  surveys  have  been  made  by  the  Canadian  Boundary 
Cominis.sion. 

Three  general  maps  accompany  this  volume  (Pis.  I,  II.  and  III, 
in  pocket).     PL  I,  a  general  map  on  a  scale  of  about  10  miles  to  an 

•Wright,  F.  E.  and  ('.  W..  Ilcport  on  propross  of  invest i»;nt ions  of  mineral  resoucc*** 
of  Alaska:  BuU.  U.  S.  (iool.  Survey  No.  L'84,  IIMX;.  pp.  :U-40. 
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inch,  includes  both  the  Ketchikan  and  Wrangell  districts  and  is 
compiled  from  the  charts  of  the  Coast  and  Geodetic  Survey,  supple- 
mented by  sketch  maps  made  by  the  writers.  On  this  the  geology  has 
been  represented  and  also  the  location  of  the  mines  and  prospects. 
The  scale  of  this  map  is  not  sufficiently  large  to  indude  all  the 
names  of  localities  referred  to,  but  these  will  be  found  on  maps  of 
larger  scale.  On  the  other  two  maps  (Pis.  II  and  III),  which  are 
contoured  sheets  of  the  mainland  portion  of  the  province,  the  geol- 
ogy is  plotted  in  more  detail.  The  contouring  of  these  sheets  is 
taken  from  the  maps  of  the  Canadian  Boundary  Commission,  pre- 
pared in  1902  on  a  scale  of  1 :  100,000,  but  here  reduced  to  1 :  250,000, 
or  about  4  miles  to  the  inch,  which  is  also  the  scale  of  the  map  of  the 
adjacent  mainland  belt  to  the  north  already  published."  The  contour 
interval  is  250  feet,  each  1,000-foot  contour  being  emphasized  by  a 
heavier  line.  Sketch  maps,  introduced  throughout  the  text  to  sliow 
the  positions  of  mining  properties,  have  been  furnished  for  the  most 
l^art  by  the  mine  ownei-s  themselves. 

LITERATURE. 

The  first  authoritative  information  in  regard  to  the  geolog\'  and 
mineral  resources  of  the  Wrangell  and  Ketchikan  districts  is  the  re- 
j)ort  of  W.  P.  Blake,**  who  made  a  reconnaissance  of  the  Stikine 
River  in  1863  and  whose  notes  were  subsequently  published  as  a 
Congressional  document. 

The  early  explorations  of  George  M.  Dawson ""  in  1888  present 
the  first  systematic  work  along  the  Coast  Range  in  southeastern 
Alaska.  At  this  time  Dawson  made  geologic  sections  across  the 
Chilkoot  Pass  and  up  Stikine  River,  and  both  his  maps  and  geologic 
records  are  valuable  contributions.  In  181)1  C.  Willard  Hayes  <* 
am])lified  Dawson's  studies  of  the  Coast  Range  by  an  intermediate 
geologic  section  along  Taku  Inlet  and  up  Taku  River,  thus  adding 
largely  to  our  knowledge  of  the  stratigraphy  of  southeastern  Alaska. 

The  following  year  investigations  were  made  in  the  northern  por- 
tion of  southeastern  Alaska  by  H.  F.  Reid  ^  and  H.  P.  Cushing,^  who 
made  a  study  of  the  glaciers  and  geology  of  Glacier  Bay  in  1890-1892, 

«  Soe  ri.  XXX VI 1  in  the  Juneau  gold  belt.  Alaska:  Hull.  I'.  S.  (Jeol.  Survey  No.  287. 
r.MMi.    in   pocket. 

*  Blake.  W.  P.,  Oeojjraphical  noti-s  upon  Runslau  America  and  the  Stikine  River: 
noiL««'  Kx.   r>oc.  No,   177.  pt.  '2,  40th  Conjr.,  2d  sess. 

''Dawson,  ii.  M.,  Ueport  on  an  exploration  in  the  Yukon  district  and  adjacent  portions 
oi  Ilritisl)  Colunihia  :  (Jeol.  Nat.  Hist.  Survey  Canada,  vol.  :*.,  pt.  1.  1SM7-8.  pp.  1-277 
15:  (Jeolotfioal  record  of  the  Rocky  Mountain  region  in  Canada:  Hull.  ^i^uA.  Soc.  America, 
vol.    ii.»,    IJKH.   pp.   .')7-0i». 

'' Ilayrs.  C.  W..  An  expedition  tlirough  tlie  Yukon  <llstrl<t  :  X.it.  Ceo^.  Mag.,  vol.  4, 
isi»2.    pp.    1K)-1«2. 

MJcid.  n.  r..  Studies  (.f  the  Muir  (JIacier  :  Nat.  (Jeog.  Mag..  v<)l.  t,  IMH' -«.);{;  Glacier 
Itay  and  its  glaciers:  Sixteenth  Ann.  Rept.  U.  S.  fieol.  Survey,  pt.  1,  ISOO.  pp.  421-461. 

'  Cushing.  11.  1*..  Xotes  on  the  geology  in  the  vicinity  of  Muir  (JIacier:  Nat.  Oeog. 
Mag..  v(.I.  4.  lS02-9.'{:  Notes  on  the  Muir  Glacier  region  and  its  geology:  Am.  Geologist, 
roJ.  S,   Ism,  pp.  207-280. 
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and  by  William  H.  Dall°  and  (ieorge  F.  Becker,^  who  visited  soiitli- 
eni  Alaska  in  1895  to  study  its  gold  and  coal  resources.  They  visited 
a  number  of  localities  in  the  Juneau  and  Sitka  districts  and  along 
the  coast  to  the  northwest,  but  at  that  time  practically  nothing  was 
known  of  the  mineral  resources  of  the  Ketchikan  and  Wrangell  dis- 
tricts. 

In  the  reports  of  the  Harriman  Alaska  Exi)edition,  which  made  a 
cruLse  along  southeastern  Alaska  and  westward  in  1899,  B.  K.  Emer- 
son '"  and  C.  Palache  ^  published  notes  on  the  lithology  and  mineralogy 
of  the  rocks  and  ores  from  various  points  in  southern  Alaska. 

The  most  important  contribution  to  the  geolog}'  of  the  Ketchikan 
district  and  the  only  extensive  repoil  on  that  area  thus  far  publislied 
was  made  in  1901  by  Alfred  H.  Brooks.**  The  same  year  Brooks  co'n- 
pleted  a  hasty  reconnaissance  northward  as  far  as  Skagway  and 
thence  westward  to  Sitka.  In  this  report  not  only  the  areal  and 
structural  geology  of  the  Ketchikan  district  is  discussed  in  consider- 
able detail,  but  also  a  geologic  correlation  of  this  section  with  other 
parts  of  southeastern  Alaska,  taken  from  his  data  and  that  of  previ- 
ous investigators,  has  been  included  in  an  introductory  sketcli  of 
the  geologj'  of  southeastern  Alaska.  In  1903  Arthur  C.  Spencer/ 
assisted  by  C.  W.  Wright,  made  a  study  of  the  Juneau  gold  belt. 
including  the  mainland  strip  from  Windham  Bay  to  Berners  Bay, 
and  in  the  same  year  C.  W.  Wright  made  a  reconnaissance  of  the 
Porcupine  district^  to  the  northwest.  During  the  years  1904  to  10()(> 
the  writers  have  extended  the  geologic  reconnaissance  niaj)})ing  so  a^ 
to  cover  nearly  all  of  southeastern  Alaska,  and  each  year  a  sumniarv 
n»port  of  the  results  pertaining  especially  to  the  economic  develoj)- 
nient  of  the  region  has  been  published.*  The  most  complete  rei)ort  on 
Alaska  as  a  whole  is  by  Alfred  II.  Brooks.'  i)uhlished  in  19()().  Tlii- 
includes  a  description  of  the  geography  of  soutlieastern  Alaska  and 
a  correlation  of  the  geology  of  this  section  with  that  of  other  \y<\\'\> 
of  Alaska  and  British  Columbia. 


•*  DnII.  W.  H.,  Conl  and  U«nlt<*  of  Alaska:  Srvontponth  Ann.  \\k-\A.  V.  S.  <;tM»l.  Snivi'>. 
I.r.   1,   1800.  pp.  763-908. 

•BockiT,  G.  F.,  Gold  floldH  of  soiHhern  Alaska:  Kljrhtoonth  Ann.  H«'pt.  W  S.  (;.'ol. 
Sim-oy.  pt.  3,  1898,  pp.  1-80. 

•■  Kmereon,  B.  K.,  NotoR  on  the  sfratijirapliy  of  imioous  nM-ks  :  llarrinian  Alaska  i:\ 
pi-dltlon,  vol  4.  1904,  pp.   1 1  00. 

•*  ralacho.  C,  Notes  on  tho  minerals  <*()n«'<'t«Ml  :  llarrinian  Alaska  KxptMlilion.  vol.  \ 
IIKM.   pp.  92-90. 

•  BrookH,  A.  H.,  Ketchikan  minln«  district:  I'rof.  Paper  V .  S.  (Jr«»l.  Snrv«'\  N<..  1. 
1901!. 

''Spencer,  A.  C,  The  Jiineau  p)ld  holt:  Hull.  U.  S.  (J.'ol.  Survey  No.  i:s7,  l!na>.  pp. 
1-1.17. 

'  WrlKht,  r.  W.,  The  Pon-iiplno  placer  districl.  .Vlaska  :  liull.  V .  S.  <:.m)1.  Surv.y  Nn. 
'i:\fu    1904. 

*  Wrigl.t,  F.  K.,  and  (',  W.,  Hull.  \\  S.  <;«m)1.  Siirv»\v  N<..  -J-V.).  1;m).-|.  pp.  t7  r.S  ;  liiill. 
r.  S.  Grol.  Sur\-ey  No.  284.  llXMl.  pp.  :?0  .^)4,  .'»r) -00 ;  Bull.  V.  S.  <;.'(>1.  Survey  No  ;il  I. 
1907.   pp.  47-72,  73-81. 

»  BrookB.  A.  H..  Geojo^phy  anil  jr<'<>h>^.v  of  .Maska.  Prof.  Pap«M'  V .  S.  <J<'ol.  Survtx  No, 
45.    1900. 
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HISTORY  OF  MIXING  DKVET^OPMENTS. 

KETCHIKAN  MINING  DISTRICT. 

Prior  to  the  year  1897  the  Ketchikan  district,  which  forms  the 
most  southern  portion  of  Alaska,  had  not  been  investigated,  thougli 
many  prospectors  had  passed  through  it  on  their  way  north  to  central 
Alaska  and  to  the  vicinity  of  Juneau.  Moreover,  not  until  1898  did 
mining  actually  begin  in  the  district.  During  the  period  of  Russian 
possession  of  Alaska  little  or  no  attempt  was  made  to  investigate  its 
mineral  resources.  Though  it  seems  certain  that  the  Russians  had 
knowledge  at  least  of  the  existence  of  some  deposits  of  chalcopyrite 
ore  which  form  extensive  outcrops  at  tide  water  in  Kasaan  Bay,  the 
development  of  these  and  other  metalliferous  deposits  was  consist- 
ently avoided. 

Subsequent  to  the  transfer  of  Alaska  to  the  United  States,  Charles 
Baronovich,  a  Russian  merchant,  is  reported  to  have  located  the  first 
co])i)er  prospect  in  the  district  just  south  of  Kasaan  village,  where 
the  Copjjcr  Queen  claim  is  now  located.  The  comparative  isolation 
of  this  district  and  the  fact  that  large  bodies  of  native  copper  had 
been  found  in  the  Lake  Superior  region  are  probably  the  reasons  that 
these  sulphide  deposits  attracted  but  little  attention. 

In  the  early  seventies  gold  was  reported  from  Unuk  River,  but  the 
principal  gold  fields  at  this  perioil  were  farther  north,  at  the  head- 
waters of  Stikine  River  and  in  the  Cassiar  region,  and  little  attention 
was  given  to  the  Unuk  River  deposits.  During  the  succeeding  years 
the  gold  deposits  of  the  northern  i)art  of  southeastern  Alaska  at 
Juneau  attracted  most  of  the  prospectors,  and  the  Ketdiikan  district 
was  entirely  neglected.  Petrof ,  in  the  Tenth  Census  report,  ^  mentions 
a  mine  which  had  been  opened  on  I^rince  of  Wales  Island  and  had 
subsecjuently  been  closed.  Though  he  does  not  give  the  location  of  the 
mine,  it  is  prol)a])le  that  he  refers  to  the  early  pr()si)ects  near  the 
j)res(»nt  location  of  the  Copper  Queen  claim,  on  the  north  side  of 
Kasaan  Bay.  Some  small  shipments  of  copper  ore  appear  to  have 
been  nuide  at  this  time.^  In  the  Eleventh  Census  report  Bruce*' 
makes  the  following  statement: 

The  indications  on  the  snrface  are  that  Prince  of  Wales  Island  contains  much 
niin(»r;il.  (iold,  liotli  fn»e  miliinjr  and  in  snlphides,  silver,  ixalcna,  coupcr.  and 
iron  have  Ikmmi  fonnd  in  many  places,  hnt  as  yet  no  extensive  etTorts  have  been 
made  to  demonstrate  wlu'ther  any  of  the  ores  mentioned  exist  in  payinj:  qnan- 
tities.     If  minerals  exist  in  other  portions  of  the  district,  the  v<'ry  limited  pros- 

"  l*opnInllon.  indnstrlfs.  and  roHourcos  of  Alaska  :  Potrof,  Ivan,  T(!nth  Census  of  the 
Vnilod  Slates,   1SS4.  p.  77. 

'*<'onipar«'  Xo.  2ir».  Tontli  Consus  of  tlu«  Tnitod  States,  p.  SOO. 

<•  nnirv,  M.  W.,  Population  and  resources  of  Alaska:  Eleventh  Census  of  the  United 
State's,  isyo,  p.  :'.l). 
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l»eitiuj:  done  has  failed  Ut  show  it.  Annette  Island  may  be  an  exception,  and 
also  Dull  Island.  Some  of  tlie  finest  specimens  of  j^old-bearinj?  ore  I  have  seen 
in  my  jouniey  are  said  to  have  be«Mi  taken  from  Dall  Island. 

The  men  engaged  in  salmon  fishing,  many  of  wliom  liad  a  knowl- 
edge of  prospecting,  were  the  next  to  inten»st  themselves  in  the  search 
for  ore  bodies  in  the  Ketchikan  n^gion.  These  men  explored  the 
coast  line  and  made  many  locations  in;on  auriferous  (juarlz  veins  and 
copi^er  deposits.  In  the  early  nineties  mining  men  became  interested 
in  these  finds  and  some  minor  developments  were  made.  Prominent 
among  these  men  was  James  l^awden,  who  discovered  in  180t>  what 
he  Ix^lieved  to  Ix*  workable  gold  deposits  on  the  eastern  side  of  An- 
nette Island. 

In  1803  William  Barnard  relocated  the  copper  prospects  just  south 
of  Kasaan  village  and  discovered  other  prospecjts  in  the  n(,»ar  vicin- 
ity. Discoveries  on  (rravina  Island  and  near  Boca  dc  Quadra  were 
made  in  IBOT,*  and  in  the  succeeding  year  a  number  of  important 
locations  were  made,  notably  the  (iold  Standard  and  other  claims  on 
Cleveland  Peninsula,  the  copper  prospects  at  Dall  Head  on  (iravina 
Island,  the  gold  veins  at  Dolomi  and  at  Sea  Level,  and  the  many  dis- 
coveries of  copper  ore  on  Kasaan  Peninsula  and  on  Copper  Mountain. 

In  18J>J)  discoveries  were  made  at  IIoHis.  at  Skowl  Arm,  and  at 
Xibla  •k  Anchorage,  and  developments  were  actively  advanced  at 
most  of  the  other  properties.  The  twc^  years  following  were  years 
of  great  mining  excitement  in  the  Ketchikan  district,  many  luindreds 
of  mineral  claims  were  staked,  and  at  a  number  of  localities  system- 
atic mining  was  lK»gun.  The  developments  of  this  region  u\)  to  tlu» 
snmn:er  of  1901  are  set  forth  in  nnich  detail  in  the  re})()rt  of  A.  II. 
Br(K)ks''  on  the  Ketchikan  mining  district. 

Up  to  this  time  the  K(»tchikan  mining  district  was  included  within 
the  boundaries  of  the  Wrangell  recording  district,  with  the  reconling 
place  at  Wrangell.  Because  of  the  mining  interest  in  the  vicinity  of 
Ketchikan,  the  United  States  district  court  issued  the  following 
orders: 

Order,  that  bonudaries  nf  the  Wran^ccll  recording'  district  No.  i  he  >.»  t':ir 
nuKnaed  as  to  exelnde  from  bonndaries  <if  sal<l  district  No.  1  that  imrt  then'of 
as  follows: 

Be^hining  at  a  [wint  on  said  western  bonndary  line  of  district  No.  I  south  of 
where  the  same  enters  Chatham  Straits  and  at  n  jioint  from  which,  rnnnin;: 
due  east,  will  pass  the  most  sonthern  point  nf  Coronation  Island  .'  miles  south 
of  the  same,  and  running  northerly  alon^r  the  center  of  Smunier  Strait  around 
the  most  northerly  end  of  Prince  of  Wales  Island  to  a  i>oint  where  the  sanu* 
joins  Clarence  Straits  and  half  way  betw<M»n  the  most  westerly  point  of  Zareniho 
Island  and  the  most  easterly  fioint  of  Point  Tolpoys  on  Prince  of  Wales  Island: 
then<*e  along  the  center  of  Ernest  Sound:  thence  nnniing  in  a  northeasterly  dire(r- 


•  Report  of  the  Governor  of  the  District  of  Alaska,  ixi»7.  p.  :;i. 

^Brooks,  A.  H..  Ketchikan  mining  rlistrict :   Trof.  l»ap.'r  V.  S.  (Jool.  Survey  No.  i.   U)ol'. 
pp.  35-110. 

40940— Bull.  347—08 2 
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tioii  up  the  ceuter  of  Kruest  Sound  and  iiortli  of  Deer  Island  to  tlie  center  of 
Bradfiekl  Canal;  tbence  in  an  easterly  course  along  Bradfield  Canal  to  the 
head  thereof ;  then  in  a  due  easterly  direction  to  the  said  International  Bound- 
ary line:  thence  along  said  boundary  line  in  a  southeasterly  direction  through 
Portland  Canal  and  Portland  Inlet  to  Cai»e  Fox ;  thence  westerly  along  said 
l)Oundary  line  through  Dlxon*s  Entrance  to  a  i>oint  due  south  of  the  center  of 
Chatham  Straits;  thence  due  north  to  the  place  of  beginning. 

Further  ordered,  tliat  area  within  boundaries  thus  established  be  known  as 
the  Ketchiitan  recording  district  No.  8. 

To  be  in  force  after  December  1,  1901. 

Since  1901  rapid  progress  has  been  made  within  the  district,  and 
several  large  new  mines  have  been  located  and  developed  to  a  produc- 
ing stage.  In  1903-4  a  250-ton  smelter  was  erected  at  Copper 
Mountain,  and  in  1905  smelting  operations  began.  At  Hadley,  on 
Kasaan  Peninsula,  a  350-ton  smelting  plant  was  built  in  1903-4,  and 
here  also  smelting  of  the  ores  began  late  in  1905.  The  building  of 
long  tramways  and  wharves  at  Niblack,  Skowl  Arm,  Karta  Bay, 
Iletta  Inlet,  and  other  localities  has  greatly  increased  the  facilities 
for  mining. 

The  town  of  Ketchikan,  the  official  headquarters  of  the  district,  Ls 
on  the  west  side  of  Revillagigedo  Lsland  and  on  the  east  side  of 
Tongass  Narrows.  It  was  first  located  in  1888  as  a  cannery  site  with 
a  general  trading  store,  and  in  1900  it  was  incorporated  as  a  town. 
The  town  has  now  a  population  of  about  1,200  and  includes  two  well- 
equipped  hotels  and  several  large  outfitting  and  general  trading 
stores.  By  steamer  route  it  is  060  miles  northwest  of  Seattle  and  240 
miles  southeast  of  Juneau.  Ketchikan,  as  it  is  situated  just  60  miles 
north  of  the  southern  lx)undary  line,  is  the  first  port  of  entry  and  the 
last  port  of  departure  for  all  vessels  engaged  in  commerce  in  south- 
eastern Alaska  and  the  commercial  distributing  point  for  this  portion 
of  the  region.  It  is  connected  by  cable  with  Seattle  and  the  principal 
ports  in  southeastern  Alaska.  Besides  the  mining  interests  there  are 
six  salmon  canneries,  sawmills,  and  various  other  industries  of  com- 
mercial importance  in  the  district. 

WRANGELL  MINING  DISTRICT. 

Fort  Wrangell  was  established  by  the  Russian-American  Fur  Com- 
))aiiy  nearly  a  hundred  years  ago  and  received  its  name  from  Baron 
von  Wrangell,  the  second  Russian  governor.  From  1837  to  1847  it 
was  a  tiading  post  of  the  Hudson  Bay  Trading  Company,  which 
still  has  a  station  up  Stikine  River  in  British  Columbia. 

Gold  was  first  reported  on  the  bars  of  Stikine  River  as  far  back 
as  18()2,  and  in  180:^,  word  having  been  received  at  Sitka  of  this  dis- 
covery, the  Russians  sent  an  exj)edition  to  Stikine  River  to  find  out 
whether  these  discoveries  were  in  Russian  territory  and  to  establish 
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the  boundary  between  the  llussian  and  English  posseasions.  W.  P. 
Blake,  an  American  geologist,  accompanied  this  exi)edition  as  a 
volunteer  and  made  notes  on  the  geology  of  the  region  and  on  the 
occurrence  of  placer  gold,  which  were  subsequently  published  as  a 
Congressional  document.^  This  constitutes  the  first  authoritative 
information  in  regard  to  the  mineral  resources  of  southeastern 
Alaska. 

During  the  early  seventies  discoveries  of  placer  gold  in  the  Cas- 
siar  district  of  British  Columbia  attracted  lumdi'eds  of  gold  seekers 
from  various  countries  to  Fort  Wrangell,  whence  they  journeyed  up 
Stikine  River  to  near  its  source  in  the  Cassiar  district.  This,  how- 
ever, was  a  long  and  difficult  trip,  and  many  of  the  gold  seekers 
began  prospecting  in  the  vicinity  of  Wrangell,  some  working  north- 
ward into  the  Juneau  district.  Mineral  locations  were  made  in  the 
following  years  on  deposits  of  gold,  copper,  and  silver-lead  ores,  but 
as  a  whole  this  section  remained  comparatively  idle  until  the  Klon- 
dike excitement  in  1897-98.  Then  Wrangell  again  became  an  im- 
portant transhipment  point,  because  Stikine  River  became  one  of 
the  routes  to  the  interior.  At  this  time  prospecting  was  again  ad- 
vanced in  the  Wrangell  district,  though  with  little  success.  Tn 
1900-1901  considerable  work  was  done  on  the  gold  and  copper  de- 
posits on  Woewodski  Island  by  the  Olympic  Mining  Company.  A 
large  stamp  mill  was  erected,  wharves  were  built,  and  other  surface 
improvements  were  made,  but  operations  were  soon  suspended.  The 
Wrangell  district,  though  it  has  not  advanced  beyond  the  prospect- 
ing stage,  contains  promising  mineral  de})osits  both  along  the  main- 
land and  on  the  adjacent  islands.  Several  salmon  canneries  and  a 
large  sawmill  at  Wrangell  constitute  the  ])rincipal  resources  of  the 
district 

The  town  of  Wrangell,  with  a  population  of  about  1.000,  including 
the  natives,  is  160  miles  south  of  Juneau,  is  the  distributing  point  for 
the  Wrangell  district,  and  is  also  the  official  headciuarters.  It  is  still 
the  sup])ly  port  for  the  interior  mining  camps  of  Rritisli  Columbia 
tributary  to  Stikine  River,  and  during  the  siunmer  months  a  large 
river  steamer  makes  stated  trij)s  between  Wrangell  and  Telegraph 
Creek,  170  miles  up  the  river. 

PRODUCTIOX. 

The  following  table  shows  the  total  metal  production  foi-  100.^  and 
1JKK5  of  the  ores  derived  from  the  co})per  uiines  in  the  Ketchikan 
(li.strict.  The  second  table  shows  the  average  content  per  ton  of  ore. 
Out.side  of  the  Ketchikan  district  there  are  no  producing  (•opj)er  miners 
in  southeastern  Alaska. 


•  Houge  Ex.  Doc.  No.  177,  pt.  li,  40th  Cong.,  I'd  sess. 
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Total  productian  from  copper  minea  in  the  Ketchikan  district,  J90o  and  JifOG, 


V«-r-. 


Ore, 

sh'jrt 
tons. 


1905- .•Ja,400 

1906 A'). 139 


Copper. 


Pounds.       Value. 


Gold. 


Ounces.      Value. 


1,901,302  I  $295,616  I 
4,3.-jO,r>71  I    AIS.CCO 


1,178  I     $34,370 
8,031   I       62,S51 


Silver.  „  .   . 
Total 

Ounces.  '    Value,    j    ^'^»"«- 


_l.. 


13,000 
27.152 


$7,867 
18,102 


$337.8a3 
919.C13 


Averaue  content  per  ton  of  ore  from  copper  minoi  in  the  Ketchikan   district , 

JOOo  and  JOOO. 


Year. 


19ft>. 
1906- 


Copper. 

Gold. 

Sliver. 

Pounds. 

Value. 

Ouneee. 

Value. 

Ounces. 

Value. 

$0.26 
.21 

02.5 

rn.i 

0.86 

0.038 
.096 

$0.78 
.74 

0.43 
.32 

Total 
value. 


$10.79 
10.81 


In  computing  the  value  of  tlie  metiil  content  of  the  ores  the  average 
values  of  silver  and  copper  in  1905  and  1906  were  taken,  as  follows  : 
For  1905,  silver=$0.604  per  ounce,  copper— 0.150  per  pound;  for 
190C,  silver=$0.67  per  ounce,  copper=$0.198  per  pound. 

The  total  copper  production  of  the  district  previous  to  1905  isjesti- 
mated  at  1,600,000  pounds.  At  12  cents  per  pound,  the  average  price 
of  copper  for  that  period,  the  value  of  this  is  $192,000.  These 
amounts  added  to  those  for  1905  and  1906  give  a  total  copper  pro- 
duction of  6,251,963  pounds  and  a  total  value  of  $1,134,276. 

The  remarkable  increase  noted  in  the  preceding  tables  from  the 
mines  in  the  Ketchikan  district  has  brought  this  section  of  Alaska 
well  to  the  front  as  a  copper-producing  region.  Practically  the  first 
large  shipments  were  made  in  the  .spring  of  1905.  and  since  tluit  time 
the  production  has  steadily  increased.  The  rise  in  the  price  of  cop- 
per from  an  average  of  $0,156  a  pound  in  1905  to  an  average  of  $0,193 
a  pound  in  1906  has  permitted  the  profitable  extraction  of  copper 
ores  of  lower  grade  than  those  mined  in  1905,  and  by  the  improve- 
ment in  transportation  and  mining  conditions  it  will  be  possible  to 
mine  ores  still  lower  in  metal  content.  In  1906  there  were  10  pro- 
ducing copper  mines  in  the  districts,  whereas  in  1905  only  6  were 
productive. 

There  are  only  a  few  gold  mines  in  the  Ketchikan  and  Wrangell 
districts  and  their  output  has  been  spasmodic.  During  1906  only  two 
gold  mines  were  productive,  though  from  several  others  there  was 
a  considerable  output  in  previous  years.  Brooks  estimated  the  total 
gold  output  in  1901  to  be  $100,000.  From  1901  to  the  end  of  190C> 
the  production  from  the  gold  mines  is  estimated  at  $120,000.  These 
amounts  added  to  the  gold  production  from  the  coi)per  ores,  which 
is  approximately  $110,000,  gives  a  total  gold  output  of  i^330,000. 
The  silver  production  is  estimated  at  $30,000  from  the  copper  ores, 
$16,000  from  the  gold  ores,  and  about  $4,000  from  the  silver-lead  ores. 
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GEOGRAPniC   SKETCH   OF  80UTIIKAS'I  KRN   ALASKA. 

Southeastern  Alaska  embraces  an  area  of  high  relief,  Avhose  domi- 
nating feature  is  the  Coast  Range  skirting  the  mainland  on  the  east 
(PI.  IV).  To  the  west  it  includes  Alexander  Archipelago,  with  its 
maze  of  waterways  and  numerous  islands.  These  islands  are  also 
of  high  relief,  but  in  general  the  uplands  fall  otf  toward  the  Pacific. 
The  Pacific  Mountain  system  as  defined  by  Brooks «  embraces  a 
broad  zone  of  ranges  lying  parallel  to  the  southern  coast  line  of 
Ala.ska  and  fonning  with  it  a  curve  concave  toward  the  south.  Of 
these  the  Coast  Range,  the  St.  Elias  Range,  and  the  Aleutian  Range 
lie  adjacent  to  the  coast,  while  the  Alaska  Range  is  inland  and  forms 
the  northern  border  of  the  system.  In  southeastern  Alaska  the 
system  includes  the  Coast  Range  and  the  seaward  group  of  moun- 
tainous islands  of  Alexander  Archij)elago.  The  same  general  sub- 
division into  a  mainland  Coast  Range  and  an  outlying  mountainous 
belt,  called  the  Vancouver  Range  by  (}.  M.  Dawson,''  continues  into 
British  Columbia,  where  it  is  more  sharply  marked.  The  Coast 
Range  extends  from  southern  British  Columbia  into  southeastern 
Alaska,  where  it  lies  ])artly  in  Alaska  and  partly  in  Canada.  To  the 
northwest  it  passes  inland  behind  the  St.  Elias  Range  and  thence 
decreases  in  altitude,  gradually  merging  into  the  interior  plateau. 
A  remarkable  feature  of  this  range,  which  was  noted  by  Dawson*' 
and  Hayes,**  is  the  imiformity  of  the  sunmiit  levels,  which  present  the 
appearance  of  a  dissected  plateau. 

The  mountain  masses  composing  the  outlying  islands  of  south- 
eastern Alaska,  though  separated  from  the  St.  Elias  Range  on  the 
north  by  Cross  Sound  and  not  orographically  connected,  are  geologic- 
ally similar  and,  as  suggested  by  Brooks,*  may  properly  be  considered 
the  southeastern  extension  of  the  St_.  P^lias  Range  (PL  IV). 

From  Dixon  Entrance,  the  southern  limit  of  Alaska,  to  Cross 
Sound,  a  distance  of  500  miles,  the  islands  and  nuiinland  are  broken 
by  an  intricate  system  of  waterways  and  fiords.  Some  of  these  reach 
far  inland,  but  they  frequently  run  parallel  with  the  coast.  Chatham 
Strait,  with  its  northern  extension,  Lynn  Canal,  is  the  longest  fiord. 
It  passes  over  three  degrees  of  latitude,  a  distance  of  250  miles,  and  is 
from  3  to  6  miles  broad  with  a  depth  of  from  1.000  to  i2,r)()()  feet. 
This  fiord  traverses  the  general  trend  of  the  mountain  ranges  and  the 
be<lrock  structure  at  an  angle  of  about  30°  and  in  this  differs  from 

•  Brooks,  A.  H.,  Geography  and  j;<»olo;:y  of  Alaska  :  Prof.  Paper  T'.  S.  (;«»oI.  Survey, 
No.   45,   1906,   p.   28. 

•Trans.  Roy.  Soc.  Canada,  vol.  S.  sec.  4.   ISIK).  p.  4. 

**  DawHon,  G.  M.,  Report  on  the  area  of  the  Kamloop.s  map  sheet,  RrKish  Columhia  : 
Ann.  Rept  Geol.  Surrey  Canada,  new  ser.,  vol.  7,  1S04,  p.  lo  n. 

*  Hayes,  C.  W..  An  expedition  through  the  Yukon  district :  Nat.  Oeog.  Maj:.,  vol.  4,  1892, 
pp.  4-24. 

•Op.  cit,  p.  20. 
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the  other  watercourses,  which  are  either  parallel  to  the  coast  line  and 
trend  of  the  rock  lx;ds  or  cut  across  theui  irregularly  at  mucli  greater 
angles.  Both  the  geologj'  and  the  topography  indicate  that  the  posi- 
tion of  Lynn  Canal  and  its  southern  extension,  Chatham  Strait,  is 
determined  by  a  line  of  faulting  (PL  IV).  Other  important  fiords 
are  Portland  Canal  (PI.  V,  .1),  Clarence  Strait,  Behm  Canal,  Taku 
Inlet,  and  Glacier  Bay,  each  of  which  has  its  own  characteristics. 
These  waterways,  which  are  long,  narrow,  deep  arms  of  the  sea  ex- 
tending far  back  into  the  mountains,  have  been  aptly  compared  with 
w^ide,  slowly  floAving  rivers.  The  flow  varies  with  the  tide,  the  rise 
and  fall  averaging  about  15  feet  and  causing  strong  eddies  and  cur- 
rents between  periods  of  high  and  low  water.  In  southeastern  Alaska 
these  inland  passages  are  known  locally  not  as  fiords  but  as  canals, 
straits,  inlets,  coves,  bays,  sounds,  and  arms.  They  are  a  distinctive 
and  dominating  feature  of  the  country  and  furnish  both  effective  and 
safe  routes  of  communication  between  different  points  of  a  region 
which  is  otherwise  mountainous  and  difficult  of  access.  The  topog- 
raphy is  so  rough  and  uneven  that  only  at  great  expense  and  in 
favored  localities  can  even  wagon  roads  l)e  constnicted  and  railroads 
of  any  length  can  hardly  l>e  considered.  The  fiords,  however,  not 
only  are  of  the  greatest  value  as  highways  of  commerce,  but  possess  a 
great  commercial  asset  in  the  innnense  quantities  of  fish,  especially 
salmon,  halibut,  and  herring,  which  throng  their  waters  at  different 
seasons  of  the  year.  The  ease  with  which  trans)X)rtation  can  l)c 
effected  is  also  an  impoilant  factor  in  mining  ot)erations  and  the 
luinl)er  industrv. 


CiKOGUAPHY    OF    TIIK    KETCHIKAX    AND    WRANOPJIil- 

DI8TRICT8. 

GENERAL  STATEMENT. 

The  area  considered  in  the  present  report,  the  Ketchikan  and 
Wrangell  districts,  is  hxjated  at  tlie  southern  end  of  the  Alaska  pan- 
handle; it  iK^gins  at  Poiliand  Canal  and  is  limited  on  the  north  bj' 
Frederick  Sound.  Its  total  land  area  approximates  14,500  square 
miles,  about  one-third  of  which  is  included  in  islands.  Of  the-se 
Prince  of  Wales  Island  is  the  larg*»st,  and  lievillagigedo,  Kupreanof, 
and  Kuiu  isiundb  are  next  in  size. 
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GENERAL  MAP  OF  SOUTHEASTERN  AlA&R*^. 
Showing  mining  districts  and  areas  covered  by  geologic  mapt  \n  lh\»  T«pOf\. 
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In  the  following  table  an  estimate  is  given  of  the  area  of  the  main- 
land and  of  the  larger  islands  in  each  district : 

Ar€(is  of  the  Ketchikan  and  WranffrU  dUttriets. 

Ketchikan  district:  Square  miles 

Mainland  _. ._      4,050 

Islands  over  100  square  miles  in  nreji : 

Prince  of  Wales  Island 2,800 

Revillagigedo  Island .1.120 

Gravlna  Island 102 

Annette  Island ._        133 

Dan  Island 275 

Kosciusko  Island ..    160 

Total  of  islands  less  than  100  square  miles  In  nrea_- .      730 

0,370 


Wrangell  district: 

Mainland  2,2(X) 

Islands  over  100  square  miles  in  nren  : 

Kupreanof  Island ._  1,080 

Kuiu  Island _ -.     -     750 

MItkof  Island ._.      __  .       ___ _       200 

Wrangen  Island _         .  220 

Etolln  Island _-       .  .TW 

Zarembo  Island .__   ._-    _-     __ __  ISO 

Total  of  islandsless  tlian  KJO  minnro  miles  In  nreji . .  170 


5,  l.'M) 


Grand  total 14, 500 

MAINLAND  BELT. 

The  mainland  belt  includes  the  mainhind  aiva  and  the  islands  which 
lie  east  of  a  line  extending  from  Dixon  Entrance  through  Chirence 
Strait  and  Duncan  Canal  to  Frederick  Sound.  In  general  aspect 
the  topographic  character  of  this  eastern  portion  differs  but  little 
from  that  of  the  other  portions  (rf  the  Coast  Range  province  to  the 
north  and  south.  The  mountains  rise  abruptly,  at  some  places  in 
i-heer  cliffs,  from  tide  water  to  elevations  of  !2,000  to  5,000  feet,  and 
the  i>eaks  farther  inland  reach  altitudes  of  0,000  to  10,000  feet.  These* 
mountain  masses  are  made  uj)  essentially  of  the  immense  batholiths 
of  the  C/Oast  Range  granite,"  and  the  land  features  are  chiseled  on  a 
correspondingly  broad  scale.  Owing  to  the  mode  of  formation  and 
physiographic  develoi)ment  of  these  mountains,  there  is  freciuently  a 
decided  lack  of  bed-rock  control  of  the  lines  of  drainage  or  erosion. 
Though  profoundly  dissected,  the  mountains  show  a  notable  tend- 
ency to  uniformity  of  elevation  in  the  crest  lines  of  their  summits 
(PI.  V,  -^1).  These  sununits  are  usually  broad  and  somewhat  flat  Avitli 
gently  arched  backs,  and  if  the  intervening  j)recipitous  valleys  were 

-  Soo  p.  01. 
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iiJJf-jJ  to  tlifir  orj^iiuil  i»r*Al*^^  ih«^iv  ii%«*uM  )«t-  aii  'lutlulatiii^  and 
wajj^  -urfa<^  -]f»jiiii^  ermdually  *4:4ward  fmu  the  center  of  the 

Th*^  laij'J  fonn-  civer  the  entire  area  indicate  an  inteni^ly  glaciated 
i*-jrjojj  \vLj#-]j  Jja-  lieefj  l#ut  -H<!iiily  lu^MJifit^l  l«y  water  em^iuii  since 
tli*-  vJaciaJ  *'jjttt'h.  At  tlie  linie  of  tht*  niaximiuii  ii'e  flcHHling.  during 
iJj<-  ;rla^'Jal  ej^x*L-  tlje  i«.v  -heel  covere^l  the  whole  area  with  the  excq>- 
1  jojj  of  i-rf>late<J  hi{:h  jjeak>  whii-h  can  l«e  reongnizeil  at  preseni  hy  their 
-harp.  r-errate<l  outline-  and  lack  of  glacial  n.mnding.  Even  at  the 
pre-^iit  tiiue  ^if  <fla^'ial  dr<»u^ht  a  nunil«er  «»f  >niaU  ice  fields  are  s4ill 
V  hii'iu  the  CV>a-t  Itange  lu-lt  of  thi>  area,  k»cated  alxive  snow  line  and 
-^Mj'iiiijr  -II jail  ton^rn*^  down  th«*  valleys  evt-n  t<»  tide  water.  The  spe- 
'ial  feature-  of  jflanal  -<;ulpture.  a>  U-^hajx-d  valley-,  fionis,  glacial 
'  jT<i!i**-.  «-jnju«-.  han^rin^  valley-.  douliK*  rliff  -loj^e-,  tnincation  of 
hijiiv-  and  t«Mjd«'ijcv  towanl  i>erfe<-t  alignment  of  clilf  l^ses.  glacial 
jrnxiv*-!-  aijd  Mriu-.  aij^i  /*/*7i#*  //*♦/♦'//'/♦/♦<'♦.«.  :<re  developed  to  a  reniark- 
nlfU'  •J<';ri«-**  wiihiii  ilii-  an-ii.  The  noticeahle  al^semv  of  moraines  in 
-uHj  an  utt'ii  iff  «'Xleij-iv«'  glaciation  i-  due  chiefly  to  the  jjecidiar 
-iM'piK —  of  tlj«'  jfioiintHiij  Mill  valley  >1ojk»-.  Many  of  the  fir.rds  are 
tt<nn*'i\  hy  -aij«!  :iii<l  ^^rav*-!  ni(»raine-  and  an*  fre*piontly  partially 
''hoJ:<'«l  a  I  tij<'ij  "ijirano'^  liy  nioniinal  material.  Among  the  higher 
njoiiiftaiij-  iijJaiii]  -iiiall  glacier-  an*  pn*sent.  and  in  I^  Conte  and 
'Mjoiua-  \pii\-  iIm'v  i-xleijj  to  tide  water,  hut  none  were  «il>serviHl  on 
ill*'  adjji'<-iit   i-laJj<U. 

Ton-JanH'  tH'i'uy  IrM-aliy  (PI.  V.  A  ).  hut  aiv  (»f -mall  extent,  ami  the 
ojjiy  J:n^«'  ;ii «-..«•  «;f  li  v«*l  l:in<l  in  the  region  ;iiv  at  the  mouths  of  the 
jrn-atiM'  \vat<'i«oiir-4-'.  notal>ly  at  the  mouth  of  Stikine  Kiver,  wheiv 
lii"  'oiiJiN'rartioii  of  ilie  title  an<l  stivam  How  ha.-  cau-ed  thedei>osition 
of  -i.ijij-  aij<l  iiiu<l'  and  foruird  hn»ail  tide  tlal-. 

I'«'niii-ii]a*  an<l  i-lainU  a<ljarent  to  the  mainland  are  separateil  by 
iU**'\f,  ijiii row  iioni-  ext«'n<liii;:  many  mile-  inlantl.  Cleveland  Penin- 
-iil;j.  i)j«*  l.iitr<*-i  of  tii«--«-  jiromontorie-.  i-  \i)  to  l."»  mile-  wide  and 
rofii:jiij-  iijoMiilaiij-  wlio-^-  -nmmit-  reach  over  4.(Mni  feet  in  elevation. 
K«'vilJa;ri;r«''lo  Idaijij  i>  >4-parate<l  frtim  the  mainhuhl  l»y  IVhm  Canal, 
a  narrow,  -ti'i'p-^irleil  (ionl.  whicli  -urrounds  the  ea>tcrn  half.  Its 
moiirjtain  toj,*  jau;:*'  from  J.IHM)  to  4.«MM)  feet  ahove  >ea  level.  George 
aij<j  Carroll  inli'i- ami  Tliorne  Aim  <li--ert  llii-  i.-lami  :»nil  hortlernar- 
now  proinoiilojio-  who^   altitude-  reach  ahout  :;.(Hi()  feel. 

TIj*-  lijaiiilainl  U-ll  i-  iiilricalely  tli>- eeted  l»y  iinmw  -teej>-sided 
valN-y-  lM'a<liii;r  in  ijionntaiiiou>  canyon-,  many  of  wliii-h  are  filled 
with  ^now.  r,r  in  ^ria<i:il  rii<ji!e-.  many  of  whirli  mntain  >mall  «rhtciers 
or  patr|je«  of  li'i'.  Thi*  initial  <h'>cent  of  these  valleys  i-  steep,  the 
>tn-ani-  ofirn  formin^r  JMMutiful  waterfall-  of  great  volume  and 
power.  Trihulary  rreek.-  or  river^  enter  from  Uith  j-ides,  the  valleys 
;ri:nlually  widen,  and  the  valley  floors  hecome  covered  with  a  gravel 
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A.     VIEW  FROM  BOUNDARY  PEAK  DOWN  PORTLAND  CANAL. 
Showing  abrupt  t-ipn^raphic  relief. 


B.     VIEW  FROM  MOUNT  ANVIL.   ANNETTE   ISLAND,   NORTH  TOWARD   KETCHIKAN. 
Showing  forelands  and  topograph.-c  sculpturi^  cf  tno  i'^i-iri.l->  adjac>'r.t  to  tne  rr.amland. 
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wash  consisting  largely  of  gravel,  cobbles,  anil  bowlders  of  granite. 
^Vs  the  grade  decreases  the  gravel  l)eds  become  deeper  and  wider  and 
the  stream  flows  around  the  flanks  of  precipitous  mountain  spurs  and 
enters  the  sea  at  the  head  of  some  tidewater  inlet.  The  tide  flats 
ut  these  points  are  usually  wide  and  are  composed  of  fine  sand  and 
mud,  the  depth  to  bed  rock  being  probably  several  hundred  feet. 
They  extend  into  the  channels  for  a  short  distance  beyond  the  low-tide 
line  and  there  end  abruptly.  Depths  of  50  to  100  fathoms  are  com- 
mon in  these  inlets  a  short  distance  from  the  shore. 

The  largest  of  these  valleys  is  that  of  Stikine  River  (PL  VI) ,  w^hich 
rises  in  British  Cohimbia,  crosses  the  Coast  Range  mountain  divide, 
and  forms  a  drainage  valley  for  part  of  the  inhmd  plateau.  Its 
numerous  branches  interlock  (1)  with  the  headw^aters  of  Taku  River; 
(2)  with  the  streams  flowing  into  the  Yukon  to  the  northeast;  (3) 
with  the  streams  tributary  to  Dease  Lake  and  Dease  River  to  the 
northwest,  a  part  of  the  McKenzie  River  drainage;  and  (4)  with  the 
streams  flowing  south  into  Nass  River.  The  upper  valley  of  Stikine 
River,  which  here  flows  in  a  southwesterly  direction,  is  broad  and 
slopes  at  low  angles.  It  changers,  however,  to  a  canyon  as  it  begins 
to  travei-se  the  Coast  Range,  and  in  Kloochman  and  Little  canyons 
steep  cliffs  rise  abruptly  1,000  feet  or  more  on  each  side.  Below 
Kloochman  Canyon  the  river  changes  its  course  from  a  southwesterly 
to  a  general  southerly  direction,  and  20  miles  from  its  mouth  it  bends 
sharply  to  the  west.  Throughout  its  course  in  the  mountains  the 
effects  of  ice  sculpture  are  visible  and  dominate  the  landscape.  Sev- 
eral large  glaciers,  notably  .Flood  Glacier,  Dirt  Glacier,  Great  Glacier, 
and  Popof  Glacier,  still  occupy  tributary  valleys  and  can  be  observed 
from  the  main  valley.  Stikine  River  reaches  salt  water  at  the  head 
of  Stikine  Sound,  12  miles  north  of  Wrangell,  where  a  wide  delta  has 
l»een  formed. 

Among  other  river  valleys  are  those  of  the  IJnuk  and  Chickamin, 
both  large  rivers  and  next  in  size  to  the  Stikine.  Their  source,  how- 
ever, is  on  the  western  slope  of  the  mountain  divide  and  their  Aalleys 
are  more  or  less  canyonlike  to  the  sea,  a  distance  of  less  than  (*)0  miles. 

The  seaward  extension  of  many  of  these  valleys  is  represcnited  by 
tide-water  channels  or  fiords.  The  largest  of  these  in  this  region  is 
Portland  Canal,  which  extends  inland  150  miles,  with  an  easterly  and 
then  northerly  coui*se  (PI.  V,  ^1).  It  is  only  a  mile  or  two  in  width, 
from  100  to  200  fathoms  dec^p,  and  the  mountains  ris(»  to  elevations 
of  4,000  to  6,000  feet  a  short  distance  inland  from  its  sides.  Bear 
and  Salmon  rivers  enter  at  the  head  of  this  canal.  Next  in  size  is 
Behm  Canal,  which  branches  west  and  south  from  the  mouth  of  Unuk 
River.  The  southern  branch  is  much  broader  than  Portland  Canal, 
and  several  smaller  river  valleys  and  inlets  are  tributary  to  it  from 
the  east,  as  Smeaton  Bay,  Rudyerd  Bay,  Walker  Cove,  and  Chickamin 
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lliver.  The  west  branch  of  Beluii  Canal  is  narrow  at  first,  then  it 
takes  a  southwesterly  course  and  widens  into  a  sound  with  many  bays 
entering  it.  Among  the  smaller  canals  are  Willard  Inlet,  Nakat 
Inlet,  Boca  de  Quadra,  and  Bradfield  Canal  on  the  mainland,  and 
Thorne  Arm,  Carroll  Inlet  and  George  Inlet  on  Revillagigedo  Island. 

.   SEAWARD  ISLANDS. 

There  are  no  topographic  maps  of  Prince  of  Wales,  Kuiu,  or  Kup- 
reanof  islands,  and  little  is  known  in  detail  of  their  valley  courses  or 
the  trend  of  theif  mountain  ranges.  The  shore  line  has  been  care- 
fully mapped  along  the  eastern  portions  of  these  islands,  but  much 
remains  to  be  accomplished  along  the  western  coast,  notably  on  Prince 
of  Wales  and  Kuiu  islands. 

Prince  of  Wales  Island  is  80  miles  long  and  30  miles  wide;  its 
shore  line  is  indented  by  numerous  bays  and  inlets,  which  are  char- 
acteristic of  the  entire  coast.  It  is  separated  from  the  mainland  by 
Clarence  Strait,  a  deep  channel  about. 4  miles  wide,  running  north 
and  south.  Portions  of  the  west  coast  are  directly  exposed  to  the 
Pacific  Ocean,  but  most  of  it  is  protected  by  the  small  seaward  islands, 
the  largest  of  which  is  Dall  Island.  Viewed  from  the  channels. 
Prince  of  Wales  Island  presents  a  mountainous  mass  of  very  irregular 
outline.  Its  relief,  however,  is  less  rugged  than  that  of  the  main- 
land or  of  some  of  the  islands  to  the  north,  such  as  Baranof  Island. 
A  low  pass  across  the  island,  4  miles  long  and  less  than  150  feet  in 
elevation,  connects  the  head  of  Cholmondeley  Sound  on  the  east  with 
the  head  of  Iletta  Inlet  on  the  west  coast.  Another  pass,  6  miles 
long,  unites  tlie  south  arm  of  (^hohnondelev  Sound  Avith  Klakas  Inlet. 
The  head  of  Twelveniile  Ann  also  is  connected  with  Big  Harbor  on 
the  west  coast  by  a  porta<re  several  niilt^s  long.  Numerous  lakes  occur 
inland  both  in  low-lying  valleys  and  in  basins  from  1,000  to  2,000 
feet  in  elevation.  The  nunintain  summits  range  in  height  from  2,000 
to  over  1^,000  feet,  the  highest  Ix^ing  Copper  Mountain,  3,800  fpet  above 
sea  level. 

Still  less  is  known  of  Kupreanof  Island.  On  its  north  end  are  two 
small  mountain  ranges;  the  one  northeast  of  Kake  village  has  sum- 
mits reaching  altitudes  of  ?>,000  feet,  and  the  other,  the  Bohemian 
Kange,  just  west  of  Portage  Bay,  inchides  peaks  2,500  feet  in  eleva- 
tion. The  southern  end  of  the  island  consists  of  low-lying  hills 
rarely  exceeding  1,000  feet  in  altitude.  A  low  pass  from  the  head  of 
Duncan  Canal  to  Portage  Bay  nearly  s(»parates  the  eastern  from  the 
western  half  of  the  island. 

Kupreanof  is  separated  from  Kui\i  Island  by  Keku  Strait,  an 
irregular  tide-water  passage,  through  which  only  small  boats  can 
j)ass.  Kuiu  Island  is  deeply  dissected  by  bays,  Avhich  almost  divide 
it  and  give  it  an  extremely  irregular  shore  line.    At  the  head  of  Bay 
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of  Pillars  is  a  portage  1  mile  in  length,  which  connects  with  Port 
Camden  on  tlie  east  side  of  the  island.  Another  low  pass  extends 
from  the  head  of  Port  Camden  to  Threemile  Arm  on  the  southeast 
side  of  the  island.  Small  mountainous  areas  were  noted  on  the  west 
coast  of  Kuiu  Island  east  of  Washington  Bay  and  on  the  two  j^enin- 
sulas  forming  the  south  end  of  the  island.  Few  of  the  highest  peaks 
exceed  2,500  feet  in  elevation,  and  the  mountain  simmiits  are  gen- 
erally less  than  2,000  feet. 

In  general  both  the  course  of  the  valleys  and  the  trend  of  the  small 
mountain  ranges  of  these  outer  islands  conform  to  the  underlying 
rock  structure,  which  has  largely  controlled  the  erosive  processes. 
The  intrusive  masses  and  upturned  edges  of  resistant  schists  and 
limestones  persist  above  the  general  level  and  form  the  hills,  ridges, 
and  mountain  peaks.  The  areas  of  soft  shales,  sandstones,  and  less 
resistant  rocks  are  marked  by  lowlands,  deep  valleys,  and  channels. 

No  glaciers  or  ice  fields  are  now  on  these  islands,  but  evidence  of 
former  glaciation  is  everywhere  present.  On  Prince  of  Wales  Island 
basins  scooped  by  glacial  action  and  now  filled  with  lakes  o(!cur  at 
elevations  of  600^  to  2,000  feet  in  the  vicinity  of  Copper  Mountain, 
and  the  surrounding  mountains,  composed  essentially  of  gi-anite,  are 
well  rounded  and  have  on  them  many  large  lx)wlders  ivhich  are  evi- 
dently erratics.  In  the  Klawak  Kange  to  the  north  are  several  clearly 
defined  glacial  cirques  containing  small  lakes  and  surrounded  by  more 
or  less  jagged  crest  lines.  In  the  rock  exposures  along  the  tide-water 
channels  grooves  were  observed  in  a  few  places  which  may  also  be 
attributed  to  glaciation.  Similar  phenomena  were  noted  on  Kuiu  and 
Kupreanof  islands. 

The  coast  line  of  these  islands  is  broken  by  bays,  coves,  and  chan- 
nels. The  hydrographic  maps  of  this  area  show  numerous  excellent 
harbors  and  many  protected  channels  which  favor  navigation.  One 
of  the  striking  features  is  the  shallowness  of  many  of  the  bays  and 
channels  as  compared  with  the  depths  noted  in  the  fiords  of  the  main- 
land belt.  Again,  the  river  deposits  at  the  heads  of  bays  have  a 
gradual  slope  and  do  not  descend  abruptly  into  deep  water  a  short  dis- 
tance from  the  shore,  as  do  the  tide  flats  along  the  mainland.  These 
facts  and  the  topographic  observations  tend  to  show  the  greater  ad- 
vance in  topographic  development  of  the  seaward  portion  in  contrast 
with  that  of  the  mainland.     (Compare  PL  V,  .1,  with  PI.  V,  B,) 

ciiiMATic  co:n^j>itions. 

The  annual  changes  in  climatic  conditions  in  southoastorn  Alaska 
are  not  so  varied  as  might  be  expected  for  a  region  lying  between  55° 
and  (50®  north  latitude.  The  effect  of  the  warm  ocean  current  of  the 
northern  Pacific  is  strongly  felt  and  serves  to  moderate  the  climate. 
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This  region  is  characterized  by  mild  winters  and  cool  sunuuers,  and 
by  heavy  precipitation,  which  is  greatest  at  the  points  exposed  to  tlie 
sea  and  diminishes  somewhat  inland.  Nearly  all  the  precipitation 
below  an  elevation  of  500  feet  is  in  the  form  of  rain.  Most  of  tiie 
rain  falls  between  the  first  of  September  and  the  last  of  Jantmtj', 
though  the  amount  varies  greatly  from  one  year  to  another.  The  ^Sa- 
son  of  least  rainfall  is  generally  from  April  to  July. 

The  prevailing  winds  come  from  the  southwest,  and  bear  humid 
atmosphere  from  the  sea,  which  gathers  about  the  mountain  range 
and  condenses  in  the  form  of  fog  and  rain.  This  causes  excessive 
rainfall  along  the  western  slopes  of  the  Coast  Range,  while  the  in- 
land regions  to  the  east  suffer  for  want  of  the  rains  thus  intercepted. 
A  change  from  a  southwest  to  a  north  wind  almost  invariably  brings 
fair  weather. 

The  temperature  throughout  the  year  is  mild,  the  thermometer 
rarely  falling  to  zero  Fahrenheit  at  the  lower  elevations.  The  snow- 
fall is  heavy  in  the  mountains,  from  8  to  8  feet  in  depth,  but  near 
sea  level  not  more  than  a  few  inches  of  snow  fall  at  one  time  during 
an  ordinary  winter  and  this  soon  disappears. 

Two  tables  from  a  report  on  the  meteorologj'  compiled  by  Cleveland 
Abbe,  jr.,"  follow,  one  presenting  the  average  rainfall  i>er  month  in 
inches  at  different  points  along  the  coast,  the  numbers  representing  the 
mean  precipitation  for  two  or  more  years;  the  other  giving  the 
average  maximum  and  minimum  temperature  in  degrees  Fahrenheit 
for  each  month,  as  recorded  at  the  different  stations  for  periods  of 
several  years.  A  third  table,  compiled  by  Alfred  H.  Brooks,  is 
added  for  the  purpose  of  comparison.  It  gives  the  average  monthly 
temperatures  at  various  stations  in  southeastern  Alaska  and  at  for- 
eign localities  of  about  the  same  latitude.  The  data  from  the  station 
at  Poll  Angeles  in  Washington  is  included  with  the  others  to  show 
the  slight  difference  that  exists  Iwtween  the  average  monthly  tem- 
j)erature  in  southeastern  Alaska  and  that  of  the  portion  of  Wash- 
ington adjacent  to  the  coast. 

Avcnif/c  nionttilff  jHccimtntiim  in  Houthvuatvni  Alaska. 
I  In  inclu'H.  I 
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Monthly  maximum  and  minitnum  tt^mprniturfH  in  southvaHtcrn  Aia.ytka. 
fin  defi^rof^M  Fahrenht*! t. ) 


StatioTi. 


Jon. 


WrMMBtt. - ..-_ 47  -  4 

- j2  -2 

-..  44  4 

^\9mm^ - 42  -4 

8Uic«_ :,i  :  -2 

station.  >  July. 

WriniteU I        82  44 

KUUsooo •        84  88 

Juwau i        86  40 

Skirway i        02  X) 

Sitki _ I        87  3.-> 


Feb. 

.Mnr.       ' 

Apr 

1 

Mny 

June 

:.8          2 

.V»       -10  1 

(U 

24 

78 

38 

s:j 

:^ 

M      -10 

.V2       -  2 

fW 

l.-> 

70 

24 

7»; 

«; 

.'iO          4  1 

((]      -  .-> 

61 

28 

09     2<) 

80 

IMi 

44        -  !)  1 

m    -10 

(il 

10 

79     r. 

90 

M 

:a     -  3 

GT.      -  1 

70 

19 

80 

28 

80 

3:\ 

Auk. 


84  4S 

81  30 
71  30 
SO  32 

82  39 


Sept. 


73  :« 
(59  '27   I 
«.'.  34   ' 
76  ») 

74  Ai  , 


07 
60 


60 

ri.') 


Nov. 


rin  :    4 
:.3  I    1 

56      10 


I>«»r. 


r>4 


Jican  monthly  temperatun'H  for  Mtations  in  nouthraiftcrn  Aiasku  and  for  fonitin 
l(H*alitieH  near  the  name  latitude.'* 

I  In  degrees  Fahrenheit.] 
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*^onipiie<l  by  Alfred  H.  Brooke*  from  tlio  following  itublioatlons:  I'.  S.  Weather  Bureau 
^rty,  Landnigsdirekt,  Beretning.  1893;  Pfver,  Finska  Vetenskaps  Soc.  ForhatuilinRor:  Me 
wr<»rlaktag.  I  Sverlge  k.  Svensk  Vetens.  Akad..  1890;  Trans.  Highland  and  Agrlc.  Soo.  Scot- 
"^^,  1805. 

These  tables  show  that  climatic  conditions  in  the  Ketchikan  iind 
"Tangell  districts  are  favorable  for  the  development  of  minin<r  enter- 
priises.  The  abundant  precipitation  is  rather  trying  to  those  who 
^re  accustomed  to  a  more  arid  climate,  but  this  rainfall,  though 
J^  drawback  to  the  prospector,  does  not  interfere  with  mining  devel- 
opments. In  fact,  it  is  an  advantage,  as  it  furnishes  considerable 
^^ater  power  which  can  be  utilized  in  mining  operations.  Except  at 
high  altitudes,  snow  does  not  interfere  materially  with  transpor- 
tation or  mining. 
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TIMBER  AND  VEGETATION. 

DISTRIBUTION  OF  TIMBER.* 

Southeastern  Alaska  is  mostly  forested,  but  the  portion  covered 
with  a  commercial  stand  (marketable  timber)  is  relatively  small. 
The  greater  part  is  included  in  the  Alexander  Archipelago  National 
Forest. 

The  forests  of  the  region  are  made  up  of  the  coniferous  species 
shown  in  the  following  list,  which  presents  also  an  estimate  of  the 
approximate  quantity  of  each: 

Trees  of  goutheatttcrn  AlUftka. 

IVr  cN'Dt. 

Western  hemlock,  Tnuffa  hvtvmiihyUa ._     (j()  to  70 

SitkJi  spruce,   Picca  sitchvnsiH 20  to  25 

Yellow  cedar,  Chamcccyparis  nootkacnnis-- 

Red  cedar,  Thuya  pHcata 

Alpine  hemlock,  Tsuga  mcrtcnsiana 

Jack  pine,  Pinun  contorta 


15  to  25 


The  amount  of  timber  in  the  stands  of  commercial  forests  varies 
greatly,  ranging  from  30,000  to  80,000  feet  (board  measure)  per 
acre.  The  average  stand  of  saw  timber  along  this  coast,  however, 
is  much  less,  prol)ably  not  more  than  5,000  to  10,000  feet  per  acre, 
because  of  the  wide  intervals  of  poor  forest  growth  in  the  swampy 
areas  and  on  the  higher  slopes. 

Except  on  the  limited  areas  of  alluvial  deposits  along  the  streams, 
the  logging  conditions  are  not  good,  the  best  timber  being  on  steep 
or  rough  ground. 

Although  the  hemlock  is  the  dominant  tree  and  the  best  timber 
for  general  purposes,  it  is  little  used  for  saw  timber  because  of  a 
public  prejudice  against  it.  Loggers  often  object  to  cutting  it  be- 
cause its  excessive  weight  adds  to  the  diificulty  of  towing.  It  is 
used  at  present  chiefly  for  piling,  for  which  it  is  well  adapted  if 
cut  (luring  the  winter  months,  when  the  bark  is  dost*  and  not  so 
susceptible  to  the  attacks  of  the  ship  worm  {Toredo  rtavalif<).  The 
tree  of  greatest  present  commercial  value  is  the  spruce,  which  is 
used  f(U"  all  purposes.  Its  soft,  fibrous  wood  has  little  shearing 
strength  and  is  not  serviceable  for  ore  bunkers,  bins,  or  other  struc- 
tures recpiiring^reat  stivngth.  Alany  spruce  trees  have  magnificent 
pro j)()rt ions,  and  the  average  yield  of  lumber  for  each  tree  is  from 
3,000  to  4,000  feet. 

The  supply  of  standard  spruce  logs  available  by  beach  hand  log- 
ging has  now  nearly  been  exhausted,  so  that  the  use  of  hemlock  is 
increasing  and  mine  operators  are  getting  a  stronger,  better  timl>er. 


«  For  the  notos  on  distribution  and  value  of  timber  in  southeastorn  Alaska  the  writers 
are  indebted  to  Mr.  W.  A.  Langille,  forest  supervisor  at  Ketchikan.   Alaska. 
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The  red  cedar,  being  near  itij  northern  limit  of  growth,  is  not  of 
the  best  quality,  and  the  hand  loggers  do  not  go  far  enough  inhuid 
to  obtaui  the  best  growth.  It  is  therefore  little  Used  except  for  boat 
building. 

Yellow  cedar  of  good  quality  occurs  too  far  inland  and  at  alti- 
tudes too  high  above  sea  level  to  be  obtained  by  the  pi-esent  methods 

of  logging.    Trees  of  good  size  and  fairly  clear  are  found,  yielding 

an  excellent  finish  material  susceptible  of  a  high  polish,  but  there 

is  little  demand  for  it  in  this  region. 

VALUE  OF  TIMBER. 

The  almndance  of  the  timber  supply  of  Washington  and  Oregon 
and  its  nearness  to  comparatively  inexpensive  means  of  transporta- 
tion precludes  for  some  time  the  probability  of  considerable  de- 
mand for  the  timber  of  this  region. 

The  present  low  price  of  lumber  of  the  quality  used  in  south- 
eastern Alaska  renders  competition  between  the  two  regions  impos- 
sible except  for  local  requirements.  I^ogging  operations  are  suc- 
cessful close  to  tide  water,  where  the  position  of  the  timber  permits 
^asy  transportation.  The  requirements  necessarily  imposed  on  tim- 
ber cutting  within  the  reserves,  by  which  only  a  certain  percentage 
of  the  forest  may  be  removed,  the  care  necessary  to  avoid  injury  to 
the  remaining  trees,  and  the  expense  involved  in  disposing  of  tops 
and  litter  sr)  increase  the  cost  that  logging  on  a  large  scale  with 
the  view  of  shipping  from  Alaska  appears  at  present  unprofitable. 

In  southeastern  Alaska  as  a  whole  the  quantity  of  first-class  timber 
^s  limited,  though  the  region  possesses  many  million  feet  of  an  in- 
ferior grade,  suitable  for  rough  material  and  pulp  wood,  which  may 
some  day  be  a  considerable  resource. 

GROWTH  OF  VEGETATION. 

The  luxuriant  growth  of  vegetation  along  the  roast  of  soiitheasiern 
Alaska  may  well  be  compared  with  that  of  a  tropical  region.     This 
is  caused  by  the  moist  and  temperate  climate  and  the  lonir  siinnner 
days  at  this  high  altitude.     At  elevations  below  1, .*>()()  feet   bushes, 
ferns,  and  tall  grasses  grow  profusely,  especially  in  the  valleys  and 
gulches.     Tliese  form  in  places  a  dense  and  almost  impassable  under- 
growth and  are  a  great  hindrance  to  the  prospector.    Among  the  most 
common  of  these  shrubs  are  the  thorny  deviPs  club,  the  salmon  berry, 
the  elderberry,  the  huckleberry,  the   high   bush   cranberry,   various 
willows,  the  black  alder,  and  the   white  alder,  the   latter  forming 
thickets  along  the  streams  and  nnid  flats. 
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THE  NATIONAL  FOREST. 

The  Government  has  wisely  added  several  of  the  large  islands, 
namely  Prince  of  Wales,  Kuiu,  Kupreanof,  Zarembo,  and  Chichagof 
islands  of  the  Alexander  Archii)elago,  to  its  national  forest,  thereby 
insuring  intelligent  use  of  the  timber  for  the  present  and  preservation 
and  protection  for  future  demands.  Though  the  establishment  of 
the  new  Alexander  Archijjelago  National  Forest  api^ears  to  many  in 
Alaska  to  have  placed  a  restraint  <m  the  pi*osi)ector  and  mine  owner, 
yet  the  provisions  of  the  law  in  regard  to  mining  within  the  reserva- 
tion are  lilwral.  The  following  extracts  from  the  "  Use  Book " 
relate  to  the  Alaskan  national  forests: 

Reo.  3G.  TraiJs  on  uatioiiul  forest  lauds  in  Alaska  may  be  constructed,  ex- 
tended, or  repaired  without  i>ermit.  Wagon  roads  may  be  constructed,  widened, 
extended,  or  rei)air*ed  wlien  needed,  but  permit  must  first  be  obtained  from  the 
supervisor.  Permits  will  not  give  anj'  right  to  the  exclusive  use,  or  to  charge 
toll,  or  against  future  disposiil  of  the  land  by  the  UnitiMl  States. 

Reo.  37.  When  a  right  of  way  or  otlier  si)ecial  use  is  granted  within  a  na- 
tional foi-est  in  Alaslia,  the  su|)ervi8or  may,  without  charge,  allow  the  cutting 
of  timber  when  this  is  necessary  for  the  proper  enjoyment  of  the  special  use. 

Rwj.  3.S.  Without  iwrmit,  and  free  of  charge,  settlers,  farmers.  pros|>ector8, 
fishermen,  or  similar  i)ei*sons  residing  within  or  adjacent  to  national  forests  in 
Alaska  are  granted  the  privilege  of  taking  green  or  dry  timber  fnmi  the  forests, 
and  drlftwo(Hl,  afloat  or  on  tlie  beaches,  for  their  own  personal  use,  but  not  for 
sale:  provided  that  the  amount  of  material  so  taken  shall  not  in  any  one  year 
exceed  20,000  feet  board  measure,  or  25  cords  of  wood;  and  provided  further, 
that  the  iktsous  enjoying  this  i)riviiege  will,  on  demand,  forward  to  the  super- 
visor a  statement  of  the  quality  of  the  material  .*<o  taken  an<l  a  description  of 
the  s(»ction  from  which  it  was  remove<l. 

It  is  also  to  \)0  noted  that  timber  cut  from  the  national  forest  in 
Alaska  may  be  exported  from  the  district  and  sold  in  any  market 
anywhere,  upon  certification  by  the  supervisor  that  the  timber  has 
been  purchast^d  and  cut  fi'om  the  national  forest  in  Alaska.  The 
exportation  of  timl)er  from  all  areas  in  Alaska  not  included  in  the 
forest  I'eserve  is  prohibited  by  law. 

GEXERAIj  GEOIjOGY  of  80irTlIEASTEllX  AJ^SKA 

GENERAL  STATEMENT. 

The  geologic  distribution  of  the  rocks  along  the  southeast  coast 
of  Alaska  is  on  a  broad  scale,  and  in  their  strike  they  follow  the 
<j:eiioral  northwest  trend  of  the  mountain  range.  These  rocks  may 
Ik»  divided  into  two  main  groups:  (1)  Stratified  r(»cks,  and  (2)  intru- 
sive rocks,  both  having  about  the  same  areal  extent. 

The  term  "'stratified  I'ocks''  has  been  used  to  include  those  formed 
( 1)  by  sedimentation,  such  as  shales,  sandstones,  conglomerates;  (2) 
by  precipitation  and  sedimentation,  as  limestones  and  cherts,  and  (8) 
by  volcanic  activity,  as  the  lava  and  tuff  beds.     These  beds  occur 
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iutei-stratified  with  one  another  and,  except  the  more  recently  formed 
rocks,  are  generally  intricately  fohled  and  iisnally  show  a  hi^h  decree 
of  metamorphism.  In  this  altered  state  they  are  reprcvseiited  by 
black  slates,  crystalline  schists,  graywackes,  crystalline  limestones, 
quartzites,  and  chlorite  and  amphibole  schists. 

The  intrnsive  rocks  are  made  up  of  a  com^dex  of  coarse  granuhu- 
rocks,  mostly  granitic  in  character.  They  form  the  great  mass  of 
the  Coast  Range  bordering  the  mainland,  and  occiii)y  wide  areas  in 
the  central  portions  of  many  of  the  islands.  Their  mode  of  occur- 
rence is  at  many  places  directly  related  to  the  geologic  structure, 
and  their  longitudinal  axes  and  lines  of  contact  are  usually  parallel 
with  the  strike  of  the  l)edded  rocks. 

STRATIGRAPHIC  SUCCESSION. 

The  geologic  succession  of  the  stratilied  rocks  in  southeastern 
Alaska  is  comjdex,  i\nd  includes  rock  formation-  rcprc.-cuting  nearly 
all  the  geologic  perio<ls  from  early  Paleozoic  to  the  present.  Though 
the  rocks  huve  l)een  mapped  only  in  a  broad  way,  the  sccpience  of  the 
formations  has  been  sufficiently  well  established  to  permit  groui)iug 
them  according  to  age.  The  stratigraphic  succession  is  presented  in 
ihe  table  on  pages  84,  85,  and  in  this  an  attemi)t  ha^  been  uiade  to 
show  not  only  the  general  order  of  rock  deposition  but  the  relation- 
of  the  strata  of  the  different  i)eriods,  so  far  as  known,  and  their 
structural  characteristics. 

40S40— BuJl.  347— 0.S :j 
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Many  of  the  rocks  grouped  under  the  periods  indicated  in  the 
stratigrat)hic  column  are  synchronous  with  the  formations  repre- 
sented along  the  Alaskan  coast  farther  west  and  with  those  along  the 
mainland  and  islands  of  British  Columbia  to  the  south.  Correlation 
based  on  paleontologic  evidence  may  also  be  made  with  the  fossil- 
bearing  strata  in  the  States  of  Washington,  Oregon,  and  California 
and  with  the  formations  in  other  parts  of  Alaska  and  in  Canada. 
These  comparisons,  however,  have  been  reserved  for  a  future  report. 

ROCK  FORMATIONS. 

Along  this  portion  of  the  Ahiskan  coast  the  distribution  of  the  rcK'k 
formations  is  known  in  only  a  general  way.  The  geologic  observa- 
tions have  necessarily  been  confined  to  the  rock  exposures  along  the 
coast  of  the  mainland  and  islands,  and  the  inland  portions  of  many 
of  the  larger  islands  remain  unexplored.  The  peculiar  alignment 
along  the  mainland  of  the  formations  which  are  parallel  to  the  Coast 
Range  intrusives,  and  the  many  inland  waterways  which  cut  across 
these  formations  have  greatly  aided  the  general  geologic  reconnais- 
sance of  this  region. 

The  dominant  feature  of  the  mainland,  both  structurally  and  petro- 
graphically,  is  the  immense  batholithic  core  of  granite  and  diorite 
which  occupies  the  central  poi-tion  of  the  Coast  Range  throughout 
its  length.  The  occurrence  of  this  rock  to  the  south  in  British  Co- 
lumbia, where  conditions  similar  to  those  that  prevail  along  the 
Ahiskan  coast  are  presented,  has  been  discussed  in  detail  by  George 
M.  Dawson.  Brooks,  in  his  report  on  the  Ketchikan  mining  district, 
also  gives  it  careful  consideration,  and  Spencer  in  his  report  on  the 
Juneau  gold  belt  describes  the  (K'currence  of  this  intrusive  rock  and 
its  relations  to  the  intruded  strata  and  to  the  ore  deposits.®  From 
Portland  Canal  north  to  Lynn  Canal  its  western  contact  parallels 
the  main  coastwise  channels.  Just  north  of  Berners  Bay  it  crosses 
Lynn  Canal,  and  its  western  contact  extends  north  along  the  east  side 
of  diilkat  Valley. 

Bordering  this  intrusive  core  of  the  Coast  Range  is  a  band  of 
closely  folded  crystalline  schists  composed  largely  of  Carboniferous 
strata  and  in  places  having  a  width  of  several  miles.  In  this  prov- 
ince these  rocks  w(»re  termed  tlie  Kctcliikaii  series  by  Brooks,''  and  in 
the  Juneau  district  the  corresjxniding  rocks  are  groujXHl  together  as 
the  "  Schist  l)an(l  "  by  Sj)enrer.'  Tliesc  crystalline  schists  have  been 
traced  from  the  southern  boundary  of  Alaska  to  the  liead  of  the  Chil- 
knt  l)asin  at  the  British  Cohunbia  l)onn(lary.     The  strata  are  essi»n- 

"  TIh'  Const  Unn^<>  intnisivcs  and  lln'ir  ln^nrintrs  on  llw»  on*  deposit l»»ii  an*  consldt'nMl 
at   IfMjrth  on  pp.  «ll    {',*.)  of  this  report. 

'' Hrooks.  A.  II.,  Ketchikan  mlnlnu  district  :    Trof.  Taper  l'.  S.  <;col.  Survey  No.  1.   llnrj. 
'"Spencer,  A.  ('..    The  .lunoau  ;;oId  lK»it  :   Hull.  V.  S.  <;eol.  Survey  No.  i.*S7,   lf»Ot». 
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lially    siliceous   mica    schists,    feldspathic   schists    with    intcrcahitcd 
amphilx>lc  and' chlorite  schists,  and   occasional   beds  of  crvstalline 
limestone  containing  Carboniferous  fossils.     Narrow  outlying  belts 
of  the  Coast  Range  iiTtrusives  invade  these  schists,  and  near  the  con- 
tacts with  these  as  well  as  with  the  main  mass  the  schists  are  cut  by 
a  network  of  pegmatite  dikes  and  quartz  veiidets.     In  places  the 
alteration  of  the  beds  has  been  so  intense  as  to  produce  gneiss,  which 
near  the  intrusive  contact  has  l)een  thoroughly   recrystallized  and 
mulered  massive,  so  that  it  is  not  everywhere  possible,  to  distinguish 
with  certainty  the  line  of  contact  betw^een  the  intrusive  and  bedded 
rocks. 

To  the  southwest  the  beds  become  less  schistose,  and  "'  black  slates," 
intruded  by  altered  dikes  of  andesitic  and  gabroic  rocks,  predomi- 
nate. The  latter  are  more  prominent  along  the  mainland  in  the 
Juneau  district  than  to  the  south.  Intercalated  iK^ds  of  altered  lavas 
and  tuffs,  usually  called  greenstones,  gradually  find  phice  in  the  shitr 
belt,  and  farther  southwest  great  thicknesses  of  these  greenstones 
occur.  Such  a  belt  of  massive  greenstone  beds  is  well  ex{)()sed  at 
the  following  places:  The  shores  of  Tongass  Nairows  at  Ketchikan, 
the  west  end  of  Cleveland  Peninsula,  Woewodski  Island  in  Duncan 
Canal,  Cape  Fanshaw,  Glass  Peninsula,  and  the  west  side  of  Douglas 
Island. 

Beyond  this  belt  toward  the  outer  coast  the  geologic  section  and 
W-rock  structure  across  southeastern  Alaska  change  with  the  lati- 
^"d^,an(l  l)edsof  one  formation  can  not  be  traced  for  any  great  distance 
northwesterly  as  can  the  n)cks  along  the  niaiidand.  This  is  largely 
^ue  to  the  irregular  batholithic  intrusives  w^hich  occupy  the  central 
P<>rtionsof  most  of  the  islands  and  are  similar  in  composition  to  the 
C^ast  llange  gi'anite.  Since  detailed  descri})tions  of  thr  areal  gcol- 
^ff-'and  sections  across  the  Ketchikan  and  Wrangell  districts  follow, 
^^  Js  necessary  to  add  here,  for  the  purpose  of  comparison,  only  a 
short  discussion  of  the  rock  occurrences  on  the  northernmost  islands 
of  the  archii^elago. 

On  Admiralty  Island  the  underlying  stratilied  rocks  are  broadly 
folded  limestones  and  schists,  maiidy  of  early  Carboniferous  age.  At 
^thpybus  Bay  and  Herring  Bay  collections  of  ui)per  Carboniferous 
'OssiLs  were  made.  At  the  entrance  to  IVbus  Bay  lower  Cretaceous 
fossils  were  gathered  from  calcareous  shales  which  overlie  the  Car- 
j^niferous  beds  uncomformably.  The  l)asin  of  Kootznahoo  Inlet 
^^  occupied  by  a  considerable  thickness  of  sandstones  and  conglom- 
erate beds  containing  coal  seams  with  fossil  plants  of  Kocene  age. 
^^  basalt  lava  flows  whicli  cover  the  southern  end  of  the  island 
^wtheast  of  Pybus  Bay  rej)resent  the  most  recently  formed  rocks. 
Invading  all  of  the  stratified  rocks  of  Paleozoic  age  are  irregidar 
S^^nite  masses  occupying  small  areas. 
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The  geology  of  the  two  seaward  ishinds,  Baranof  and  Chichagof, 
also  presents  many  interesting  features.  The  central  portions  of  the 
islands  are  made  up  of  granitic  intrusives  forming  broad  belts  that 
strike  across  the  islands  in  a  northwesterly  direction  and  invade  all 
the  Ix^dded  rocks  except  the  recent  lavas.  The  mixieral  deposits  are 
located  near  the  contacts  with  these  granite  masses.  Tlie  oldest  rocks 
are  strata  of  banded  quartzite  resembling  graywacke  and  chert  in 
places.  These  beds  are  exposed  for  several  miles  along  the  north 
shore  of  Chichagof  Island  between  Idaho  Inlet  and  Frederick  Sound, 
where  they  form  a  large  anticline  striking  northwest.  To  the  west 
they  are  invaded  by  a  wude  belt  of  granite,  which  has  altered  them  to 
a  compact  biotite  schist.  Along  the  northeast  shore  from  Frederick 
Sound  to  Point  Augusta  they  again  form  the  shore  outcrops.  Though 
the  thickness  of  this  formation  could  not  be  determined,  it  probably 
represents  many  thousands  of  feet  of  sedimentation.  Overlying  the 
quartzites  are  cherty  limestones  in  w^hich  middle  Devonian  fossils 
were  found  in  Frederick  Sound  and  on  the  south  side  of  Freshwater 
Bay. 

The  upper  Devonian  formation  is  represented  by  melaphyre  lava 
flows  and  tufaceous  beds;  fossils  were  collected  from  the  latter  along 
the  west  shore  of  Frederick  Sound.  These  beds  extend  southeasterly 
into  Freshwater  Bay.  Limestone  of  considerable  thickness  overlies 
the  mclaphyres  and  is  exposed  in  Frederick  Sound  and  along  the 
northeast  shore  of  Freshwater  Bay.  At  these  places  large  collections 
of  lower  Carboniferous  fossils  were  obtained.  West  of  the  granitic 
core  on  the  seaward  shores  of  both  Chichagof  and  Baranof  islands 
is  a  series  of  crystalline  schists  and  limestones,  overlain  by  a  belt  of 
slates  and  greenstones  of  upper  Carboniferous  age.  The  latter  in 
turn  are  overlain  unconformably  by  a  wide  belt  of  considerably  meta- 
morphosed graywackes  and  conglomerates,  which  are  prominent  in 
the  vicinity  of  Sitka  and  Point  Edward.  A  remarkable  analogy 
exists  between  this  section  and  the  cross  section  of  the  mainland  l>elt 
in  the  vicinity  of  Juneau.  The  most  recent  rock  formations  on  the 
seaward  islands  are  the  postglacial  basaltic  lava  flows  on  Kruzof 
Island. 

STRUCTURE. 

The  structural  characteristics  of  the  stratified  rocks  of  the  difTerent 
geologic  horizons  in  southeastern  Alaska  are  noted  in  the  table  on 
I)age  M  and  in  the  geologic  section  accompanying  each  geologic  map. 
However,  a  formation  may  be  intricately  folded  and  highly  meta- 
morphosed at  one  locality,  but  at  another  it  may  be  characterized 
by  broad  folds  and  a  much  less  amount  of  metamorphism,  so  that 
in  such  a  table  it  is  ])ossible  to  present  only  the  more  typical  struc- 
tural features.  A  brief  consideration  of  these  structural  phenomena 
and  their  relations  to  the  geologic  history  is  therefore  necessary. 
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By  a  consideration  of  the  entire  coastal  province  of  southeastern 
Alaska,  several  important  features  which  throw  light  on  the  dynamic 
history  of  the  region  are  brought  out.  In  the  Ketchikan  and  Wran- 
gell  districts  alone  these  features  ai-e  not  so  clearly  marked.  Prior 
to  the  development  of  the  main  northwest-trending  structural  lines, 
which  at  present  dominate  this  coastal  province  and  are  most  pro- 
nounced adjacent  to  the  wide  areas  of  intrusive  rocks,  the  prevalent 
structure  was  made  up  of  northeasterly  trending  folds.  These  folds 
still  form  a  minor  system  prominent  on  Chichagof,  Admiralty,  and 
Prince  of  Wales  Island.  The  later  and  more  intense  folding  of  the 
beds  on  a  broader  scale,  which  forms  the  major  system  and  trends 
northwesterly,  has  in  general  obliterated  this  minor  system.  But  the 
evidence  of  the  two  systems  is  clearly  presented  on  the  north  shore  of 
Chichagof  Island,  where  the  minor  system  of  small  folds  is  the  domi- 
nant structure  at  those  places  which  are  distant  from  the  northwest- 
trending  intrusive  belts  and  which  are  not  greatly  disturbed  and  meta- 
morphosed. Nearer  the  intrusive  belts  the  larger  system  gradually 
prevails,  and  the  minor  folds  as  a  whole  are  combined  in  the  broader 
anticlines  and  synclines  of  the  major  northwest-trending  folds.  Com- 
plex minor  folding  and  fracturing  is  thus  produced  in  the  beds.  The 
fact  that  beds  of  upper  Carboniferous  age  have  this  northeasterly  fold- 
ing indicates  that  this  was  the  dominant  bed-rock  structure  at  the 
close  of  the  Paleozoic  era.  Whether  the  younger  system  of  folding 
was  produced  just  previous  to  the  intrusion  of  the  Coast  Range  gran- 
ite, or  at  the  time  of  its  invasion,  has  not  been  definitely  established, 
though,  as  suggested  by  Spencer,"  it  was  probably  before  the  invasion 
of  these  igneous  rocks,  as  the  planes  of  contact,  with  few  exceptions, 
follow  the  planes  of  bedding,  and  to  present  this  structure  the  strata 
must  have  been  highly  tilted  and  must  have  occupied  a  position  similar 
to  that  which  they  now  have.  Along  the  mainland,  across  a  width  of 
from  5  to  10  miles,  the  uniformity  of  the  strike  and  dip  of  the  strati- 
fied rocks  adjacent  to  the  Coast  Range  granite  indicates  a  monoclinal 
structure.  Such  interpretation,  however,  would  necessitate  a  still 
greater  thickness  of  the  rock  beds  at  the  time  of  their  deposition,  as 
in  their  present  condition  they  are  greatly  compressed  and  metamor- 
phosed. From  the  evidence  of  broad  folding  of  the  beds,  believed  to 
be  the  same,  which  are  exposed  along  the  west  shore  of  Admiralty 
Island,  it  is  reasonable  to  assume  that  this  rock  belt  has  the  structure 
of  a  closely  folded  and  compressed  synclinorium,  and  that  the  tops  of 
the  anticlines  were  subsequently  removed,  leaving  little  or  no  definite 
proof  of  their  existence. 

After  this  great  period  of  mountain  building,  which  is  believed  to 
have  occurred  about  the  close  of  Paleozoic  or  in  early  Mesozoic  time, 
further  important  orogenic  movements  of  the  earth's  crust  took  place 

•  8p<>ncer,  A.  C,  The  Juneau  gold  belt  :  Hull.  U.  S.  (leol.  Suivoy  No.  L'ST,  UMXi.  p.  14. 
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and  are  clearly  shown  in  the  Mesozoic  beds  on  Admiralty  and  Prince 
of  Wales  islands.  The  AuvcUd  beds  on  Admiralty  Island  are  steeply 
tilted  and  faulted  and  to  some  extent  metamorphosed,  but  they  do 
not  show  close  folding  or  uniformity  in  direction  of  strike.  On 
Prince  of  Wales  Island  beds,  probably  of  Mesozoic  age,  though  non- 
fossil  if  erous,  overlie  the  granite  intrusives;  at  certain  localities  they 
have  assumed  a  steeply  tilted  position  with  northwesterly  strike  and 
are  considerably  metamorphosed,  Svhile  at  other  places  they  are  only 
slightly  folded  and  show  no  persistent  direction  of  strike  or  dip  and 
but  little  metamorphism.  The  forces  producing  this  later  structure 
affected  the  older  l^ileozoic  strata  largely  by  faulting,  Assuring,  and 
tilting,  and  not  by  intense  folding.  The  structural  characteristics  in 
the  Tertiary  (Eocene)  IxhIs  and  those  of  late  Cretaceous  age  indicate 
tilting  and  faulting  and  there  is  little  or  no  evidence  of  folding  or 
metamorj)hic  action.  The  effects  appear  to  be  confined  largely  to  the 
basins  or  local  areas  occupied  by  these  rocks,  and  in  the  older  beds 
faults  and  fissures  were  probably  produced  along  which  the  basaltic 
lavas  subsequently  found  egress. 

In  addition  to  the  preceding  description  of  the  different  periods  of 
dynamic  revolution,  the  structurally  significant  faulting  which 
accomj)anied  these  orogenic*  movements  deserves  special  considera- 
tion. Evi<leiice  of  these  faults,  however,  is  shown  largely  by  the  local 
discontinuity  of  the  strata,  as  surface  indications  have  been  removed 
by  erosion.  Moreover,  those  faults,  possibly  numerous,  which  are 
])arallel  to  the  bedding,  are  difficult  to  decipher,  because  of  the  ex- 
treme metamorphism  of  most  of  the  rocks.  Only  the  structurally 
important  faults  which  show  large  displacement  and  the  minor  faults 
or  slipping  planes  in  the  ore  bodies  and  in  shore  exposures  were 
noted.   " 

The  largest  and  most  important  fault  piano  in  southeastern 
Alaska,  which  i^  suggested  both  geologically  and  topographically, 
extends  from  the  head  of  Lymi  Canal  in  a  S.  10°  E.  direction  200 
miles  or  more  through  Chatham  Strait  into  the  Pacific  Ocean.  Tlie 
displacement  at  its  southern  end  is  evidently  greater  than  at  the 
head  of  Lynn  Canal,  where  the  main  fault  appears  to  diverge  into 
two  or  more  directions  indicated  by  Taiya  Inlet,  Ferebee  River,  and 
possibly  Chilkool  Inlet  and  Kiver.  The  displacement  and  the  direc- 
tion of  throw  of  this  fault  are  not  clearly  defined,  though  the  former 
probably  amounts  to  many  miles. 

Detailed  work  in  this  jn-ovince  will  doubtless  reveal  many  other 
faults  that  are  structurally  important.  Minor  faults  and  slipping 
planes  noted  in  the  ore  bodies,  stratigraphically  of  little  significance, 
though  economically  of  great  importance,  are  discussed  in  the  de- 
tailed descriptions  of  the  ore  bodies. 
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MINERAL  DEPOSITS. 

Metallic  mineralization  in  southeastern  Alaska  is  confined  to  cer- 
tain rock  formations,  and  in  these  the  mineral  deposits  occur  to  some 
extent  along  certain  zones  which  have  been  more  or  less  satisfactorily 
determined.  B^ause  of  the  rough  topography  and  the  dense  growth 
of  forest  and  underbrush,  investigations  of  such  belts  have  neces- 
sarily been  limited  to  the  vicinity  of  salt  water,  where  the  rock  forma- 
tions and  mineral  belts  are  clearly  exposed. 

The  direct  relation  of  mineralization,  or  the  occurrence  of  ore,  to 
the  n)ck  structure  and  to  the  intrusive  rocks  is  at  many  places  very 
evident.  Most  of  the  ore  bodies  are  found  near  or,  more  rarely,  in 
the  larger  intrusive  masses,  and  especially  in  those  places  where  the 
general  n)ck  structure  trends  northwesterly.  In  a  broad  way,  the 
mineral  deposits  are  coextensive  with  the  areas  of  granitic  intrusives 
and  occur  in  the  adjacent  met  amorphic  rocks  all'ected  by  such  in- 
trusives. 

The  most  extensive  and  productive  area  is  the  Juneau  gold  belt,*' 
which  has  l)een  irregularly  traced  along  the  mainland  from  Windham 
Ray  to  a  point  10  miles  north  of  Berners  Bay,  where  it  enters  Lynn 
Canal.  Its  total  length  is  l!>0  miles  and  its  width  less  than  10  miles. 
In  this  zone  gold  is  the  dominant  metal  present  and  occurs  in  varying 
amounts  disseminated  with  sulphide  minerals  in  bands  of  schistose 
rwk  10  to  ()0  feet  wide,  in  altered  diorite  dikes,  where  it  is  associated 
w^th  stringers  of  quartz,  and  in  quartz  veins,  1  to  10  feet  wide,  ciittinir 
either  the  intrusive  or  schistose  country  roclv.  The  ore  bodies  within 
tlii?^zone  are  discussed  at  length  by  A.  C.  Spencer  in  his  re2)()rt  on  the 
Juneau  gold  Mt, 

In  the  Wrangell  district  the  concentration  of  metallic  minerals 
along  detinite  zones  has  apparently  not  taken  place,  though  a  number 
<u  mineral  prospects  have  been  found,  namely,  in  Thomas  and  Le 
^<^nte  bays,  along  Bradfield  Canal,  and  in  (h()un<lhog  and  (llacier 
l^«i>ins.  At  the  last  two  localities  silver  and  lead  ore-,  occurring  in 
quartz  veins  inclosed  in  the  crystalline  schists,  are  prominent,  while 
^^  the  others  gold  is  the  dominant  metal  present.  Within  the  main- 
land bidt  of  the  Ketchikan  district,  whicdi  iiudndes  Kevillagigedo 
Inland,  quartz  veins  and  mineralized  schist  bands  are  found  locally, 
hut  they  are  too  widely  separated  to  permit  the  definition  of  a  niin- 
*'ral  zone  like  that  in  the  Juneau  district.  The  slates  and  green- 
^"tones contain  the  largest  percentage  of  metalli(r  minerals,  and  in  them 
^'^posits  have  been  developed  on  Gravina  Island,  along  the  west  shore 
<^f  Kevillagigedo  Island,  and  on  Cleveland  Peninstda.  In  the  slates 
and  schists  nearer  the  Coast  Range  intrusives,  vein  deposits  have  been 
wund  at  the  head  of  Thorne  Arm  and  in  Geor<>:e  Inlet. 
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On  the  larger  islands  of  southeastern  Alaska  the  regularity  of  the 
rock  structure  and  the  continuity  of  the  formations  is  locally  inter- 
rupted by  intrusive  areas  of  granitic  rocks  and  wide  channels  sepa- 
rating the  islands.  For  this  reason  it  is  not  possible  to  trace  for  any 
great  distance  mineral  zones  comparable  with  those  along  the  main- 
land. The  occurrence  of  the  deposits  on  each  island  differs  somewhat, 
and  the  islands  are  described  separately  in  this  paper.  In  general,  the 
ore  bodies  appear  to  be  closely  connected  with  the  intrusive  rock 
masses,  many  of  them  lying  at  or  near  the  contacts  of  the  intrusives. 

On  Admiralty  Island  the  areas  of  intrusive  rocks,  so  far  as  known, 
are  small,  and  the  occurrence  of  valuable  mineral  deposits  relatively 
rare.  A  poorly  defined  mineral  zone  starts  at  a  point  just  north  of 
Windfall  Harbor  on  the  west  side  of  Seymour  Canal  and  is  traceable 
northwestward  to  Funter  Bay.  It  is  about  30  miles  long  and  2  miles 
wide  and  includes  several  prospects  but  no  producing  mines.  Other 
prospects  are  located  on  the  west  coast  of  the  island  a  few  miles  north 
of  Kootznahoo  Inlet. 

On  the  two  seaward  islands,  Baranof  and  Chichagof,  which  con- 
stitute the  Sitka  mining  district,  a  poorly  defined  mineral  zone  occurs 
in  the  metamorphic  schists  flanking  the  west  side  of  the  intrusive 
belt,  starting  at  Red  Bluff  Bay,  on  the  east  side  of  Baranof  Island, 
and  extending  northwestward,  including  the  prospects  at  the  head  of 
Silver  Bay  and  in  the  vicinity  of  Cape  Edward,  north  of  which  it 
enters  the  ocean.  Auriferous  vein  deposits  are  the  principal  type  of 
ore  body  in  this  mineral  zone.  Another  zone  of  mineral-bearing 
schists  was  noted  along  the  eastern  side  of  this  intrusive  belt  extend- 
ing from  Hooniah  Sound  to  Lisianski  Straits  and  northwestward  on 
the  mainhmd  from  Cape  Spencer  to  Lituya  Bay,  where  it  flanks  the 
St.  p]lias  Range.  Only  a  few  prospects  in  the  vicinity  of  Rodman 
Bay  and  at  the  head  of  Hooniah  Sound  have  thus  far  been  located  in 
this  mineral  zone. 

On  Kupreanof  Island  scattered  indications  of  a  widespread  min- 
eral-bearing zone  extend  from  the  head  of  Portage  Bay  down  the 
east  side  of  Duncan  Canal  and  include  prospects  along  the  west  shore 
of  Wrangell  Narrows.  The  ore  bodies  thus  far  opened  carry  small 
valuers  in  both  copper  and  gold.  No  deposits  of  ore  have  yet  been 
discovered  on  Kuiu  Island. 

The  distribution  of  mineral  deposits  on  Prince  of  Wales  Island, 
like  that  on  the  other  islands,  is  dependent  upon  the  intrusive  areas. 
Here  the  direct  relations  of  the  ore  bodies  to  the  intrusive  rocks  are 
more  evident  because  they  occur  in  many  places  along  the  contacts  of 
the  intnisive  and  intruded  rocks.  Copper  is  the  dominant  metal  in 
many  of  the  deposits.  It  is  present  within  the  contact  aureoles  of 
the  intrusive  masses,  as  on  Kasaan  Peninsula  and  in  the  vicinity  of 
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Ilctta  Inlet,  and  occurs  us  lenticular  masses  or  veins  alon^  shear  zones 
in  a  greenstone  schist  country  rock,  as  at  Niblack  and  CopjH'r  City. 
Gold  accompanies  the  copper  deposits  as  an  accessory  constituent  and 
is  found  in  vein  deposits  inclosed  in  limestones  at  Dolomi  and  in 
black  slates  or  phyllites  in  the  vicinity  of  Hollis. 

GKOIiOOY  OF  THE  KETCHIKAN  AND  WKANGEIiTj  MINING 

DI8TRICT8. 

GEOLOGIC  MAPS. 

Three  geologic  maps  accompany  this  n»port  (Pis.  I,  TI,  and  ITI, 
in  pocket)  ;  the  first  is  a  general  geologic  map  on  a  scale  of  10  miles 
to  1  inch  and  includes  both  the  Ketchikan  and  Wrangell  mining 
districts;  the  other  two  are  of  larger  scale  and  show  in  greater  de- 
tail the  geology  along  the  mainland  portion  of  each  district  and 
the  topography  of  this  portion  so  far  as  it  has  been  map])ed.  The 
general  geologic  map  has  been  introduced  to  show  the  distribution 
of  the  two  large  rock  types,  the  sedimentary  and  the  igneous. 

The  sedimentary  rocks,  which  are  important  to  the  geologist  in 
deciphering  the  geologic  history  of  a  region,  are  subdivided  into 
three  groups  separated  by  their  differences  in  age.  The  oldest 
group — the  Paleozoic  strata — embi-aces  a  immber  of  unconformable 
st>rii*s  which  are  nuich  folded  and  in  places  highly  metamor- 
phosed. They  are  known  to  range  in  age  from  Silurian  to  upper 
Carlioniferous  and  to  have  their  most  extensive  development  during 
the  Carboniferous.  A  numl>er  of  different  formations  belonging 
to  this  era  have  been  recognized  and  distinguislied  one  from  the 
other  at  various  localities,  but,  as  their  continuity  and  their  lines  of 
separation  are  only  partially  known,  a  differentiation  of  them  has  not 
been  made  on  the  map.  The  localities  at  which  fossil  evidence  has 
been  found  are  shown  on  the  map  by  letters  indicating  the  strati- 
graphic  horizon  represented.  In  the  following  pages  these*  fossil 
localities  are  described  and  the  known  stratigi'aphic  succession  of 
the  Paleozoic  rocks  is  discussed. 

The  sediments  of  the  Mesozoic  era  are  repre.sented  only  locally  by 
interstratified  slate,  graywacke,  and  conglomerate  beds  of  consider- 
able thickness.  These  strata  are  often  metamorphosed,  indurated, 
and  considerably  folded,  and  in  most  places  contain  no  fossils.  Their 
classification  is  therefore  based  largely  on  structural  and  j)etro- 
graphie  evidence.  These  ro(;ks  have  been  mapped  as  a  unit  but  are 
considered  at  length  in  the  following  descrij)ti()ns. 

The  Tertiary  sediments  are  made  up  of  shale,  sandstone,  and  con- 
glomerate occupying  small  areas  which  in  places  are  coal-bearing. 
The  unmetamorphosed  and  loosely  consolidated  state  of  these  beds, 
the  presence  in  them  of  numerous  fossil  plants,  and  the  lack  of  in- 
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(eiise  folding  aiv  their  principal  charaileristics.  Palooiitologic  exi- 
ileuct*  shows  thfM»  1h»<1s  to  1m»  «»ssc»utially  of  Eocriio  'Afn\  but  at  oiio 
poiiit  fossil  plants  of  late  Ci'etaceoiis  a|re  were  ideiitifietl. 

The  igneous  rocks  I'epreseiited  on  the  map  fall  into  two  classes, 
the  intrusives  and  the  extrusives,  the  latter  l)eing  subdivided  accord- 
ing to  their  composition  and  the  period  of  extrusion.  The  areas  of 
the  intrusive  rocks  of  this  province  are  es[)eciallj'  noteworthy  be- 
cause of  their  direct  bearing  on  the  occurrence  of  ore  deposits. 
Their  relations  and  the  characteristics  of  the  extrusive  rocks  are  dis- 
cussed in  the  following  pages. 

The  two  maps  of  larger  scale,  showing  tlie  eastern  portions  of  the 
Ketchikan  and  Wrangell  districts,  have  been  introduced  to  show  in 
greater  detail  the  geologj'  of  the  mainland  Mt  and  the  topographic 
relief.  These  two  maps  and  the  map  of  the  adjoining  Juneau  gold 
Ix^lt  **  to  the  north  form  a  continuous  geologic  and  topographic  sheet 
from  Portland  Canal  to  the  head  of  Lynn  Canal.  All  the  sedimen- 
tary rocks  indicated  on  the  Juneau  map  are  of  Paleozoic  age  and  oc- 
cur in  broad  bands  that  have  a  general  northwesterly  trend  and  aiv 
traceable  for  nearly  the  entire  length  of  the  mainland  belt. 

Adjacent  to  the  Coast  Range  intrusives  and  in  places  occupying 
small  narrow  areas  within  the  intrusive  belt  is  a  succession  of  crys- 
talline schists  and  limestone  from  5  to  15  miles  in  width,  comiK)sed 
largely  of  Carl^oniferous  rocks.  These  in  the  Ketchikan  district  have 
l)een  descrilxnl  as  the  "  Ketcliikan  series."  by  Brooks,^  who  also  refers 
them  to  the  Carboniferous.  Sijencer''  descrilx^s  those  to  the  north- 
west in  the  Juneau  district  as  the  **  Schist  band."'  To  the  south- 
west, across  the  trend,  these  rocks  l>ecome  less  crystalline  and  this 
is  indicated  on  the  geologic  map  by  the  fewer  dashes.  Still  farther 
southwestward  black  slate  and  argillites  gradually  dominate,  and 
to  the  northwest  they  have  In^en  mapped  as  the  **  Slate  Iwlt ''  by 
Spencer.  These  shites  bordering  the  coastwise  channels  are  inter- 
stratified  with  volcanic  tuffs  and  lava  flows,  which  in  turn  dominate 
ill  aiiioiint  over  the  sedimentary  material  and  form  the  band  mapped 
as  greenstones.  In  the  •Funeau  district  the  same  succession  of  igneous 
and  sediment  a rv  rocks  is  pres<»nt,  and  is  described  by  Spencer  as  the 
'*  Slate-gi(»eiistoiie  band.-'  On  the  adjacent  islands  the  areas  mapped 
as  "Undifferentiated  Paleozoics  "  include  slates,  schists,  limeistones, 
and  some  conglomerates,  which  are  either  (^arl)oniferous  or  Devonian 
in  age.  The  fossil  localities  are  indicatinl,  as  on  the  smaller  scale 
map,  by  letters  representing  their  stratigraphic  horizon.  The  strata 
of  crystalline  limestone,  mainly  Carboniferous,  which  are  important 
both  stratigraphically  and  economically  have  been  indicated  sepa- 
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rately.  The  directions  of  both  strike  and  dip  of  the  structurally 
important  rock  beds  are  indicated,  and  the  positions  of  the  mines 
and  prospects  are  shown. 

Geologic  sections  transverse  to  the  general  direction  of  strike  have 
been  made  for  each  of  the  three  maps,  and  in  them  the  known  struc- 
tural features  are  represented  and  are  supplemented  by  more  or  less 
hypothetical  dotted  lines.  The  geologic  maps  and  cross  sections  will 
be  referred  to  in  the  following  geologic  descriptions,  and  the  descrip- 
tions should  be  considered  together  with  the  maps. 

SEDIMENTARY  ROCKS. 
GENERAL  STATEMENT. 

The  general  sequence  of  geologic  formations  in  southeastern  Alaska 
as  a  whole  is  presented  in  tabular  form  on  pages  34,  35.  This  table 
applies  to  the  Ketchikan  and  Wrangell  districts,  though  in  these 
districts  all  the  formations  noted  have  not  been  recogni^^ed.  The 
distribution  of  the  large  subdivisions  is  shown  on  the  geologic  maps, 
and  their  relations  are  indicated  to  some  extent  in  the  geologic  cross 
sections.  Though  the  present  geologic  data  of  this  province  do  not 
give  a  complete  record  of  the  different  i^eriods  of  rock  deposition, 
the  general  succession  has  been  fairly  well  established  by  structural 
and  paleontologic  evidence,  and  is  discussed  in  the  following  pages 
in  some  detail. 

Of  the  earliest  rock  formations  little  or  nothing  is  known,  and  it 
IS  doubtful  whether  pre-Paleozoic  strata  are  present  in  this  province. 
The  crystalline  schists  and  gneissoid  rocks,  which  form  a  wide  band 
adjacent  to  the  Coast  Range  and  resemble  the  ancient  metamorphir 
elastics  of  other  regions,  have  been  determined  by  |)aleontologic  evi- 
dence" to  be  mostly  of  late  Paleozoic  age,  and  their  present  crvstnl- 
"ne  condition  is  attributed  to  metamorphism  caused  by  the  Coast 
Ran^  intnisives. 

TALKOZOIC  STIIATA. 
SI  UK  IAN. 

The  sedimentary  record  begins  with  the  Silurian,  which  is  repre- 
sented by  fossiliferous  limestone  strata.  These  overlie  with  apparent 
f'onformity  a  banded  (juartzite  of  great  thickness,  and  the  limestone 
and  quartzite  together  form  a  belt,  exj)osed  at  irregular  intervals  on 
the  wes-t  coast  of  Prince  of  Wales  luid  Kuiu  islands,  which  extends 
northward  and  is  again  represented  on  Chichagof  Island  in  (llncier 
Bay.  Under  the  name  "  Wales  series  "  Brooks''  included  these  older 
rock  terranes.     The  banded  quartzitcs  are   usually   extremely   fine 

•  See   pal('ontr>l();rlr'   (let ormlnat Ions,   p.    :>!). 
*Op.  cit..  p.  41. 
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grained  or  aphanitic,  indurated,  elastic  rocks,  gray  to  green  in  color, 
very  brittle,  and  with  no  cleavage.  They  include  both  sedimentary 
strata  and  indurated  beds  of  tuff  intermixed  with  sedimentary  mate- 
rial. Weathering  usually  produces  a  brown  surface  by  the  oxidation 
of  pyrite  and  other  ferruginous  particles. 

The  Silurian  limestones  are  best  developed  on  the  north  side  of 
Kuiu  Island  between  Saginaw  and  Security  bays.  From  the  south 
side  of  Saginaw  Bay  a  wide  belt  of  cherty  nonfossiliferous  limestone 
strikes  parallel  to  the  shore  with  a  northeasterly  to  vertical  dip. 
This  formation  continues  to  a  point  one-half  mile  west  of  the  en- 
trance to  the  bay.  At  this  point  in  the  lower  portion  of  the  limestone 
belt  fossiliferous  beds  were  found  by  E.  M.  Kindle,  who  reports  as 
follows : 

Fauna  of  the  Meade  Point  limestone, — Fossils  were  found  at  but  one  locality 
in  this  limestone.  They  occur  Just  east  of  the  third  cove  northeast  of  Meade 
Point  on  the  third  ix)int  west  of  Saginaw  Bay.  The  fauna  contains  a  small 
number  of  species,  but  one  of  these,  Conehidium  knighti,  is  represented  by  very 
many  shells  in  one  thin  bed  of  limestone.  The  fauna  includes  the  following 
forms : 

Diphyphyllum  ?  sp.  Holoi>ea   cf.  servus  Barr. 

Conchidiuni  knighti  (Sow.).  Murchisonio  sp. 

Whitfieldella  sp. 

Conehidium  knighti  is  one  of  the  most  characteristic  fossils  of  the  Aymestry 
limestone  of  the  Ludlow  group  of  England.  It  is  known  also  from  Uussia  and 
Bohemia.  There  appear  to  be  no  authentic  records  of  its  occurrence  in  the 
Silurian  faunas  of  the  United  States.  The  fauna  indicates  a  horizon  of  the 
upper  part  of  the  Silurian,  but  somewhat  earlier  than  the  Silurian  fauna  at 
Freshwater  Bay  or  Chichagof  Island. 

Southwest  of  these  fossiliferous  limestones,  on  the  opposite  side  of 
a  small  cove,  banded  quartzite  beds  underlie  the  limestones  with 
apparent  conformity  and  continue  southwest  with  northwesterly 
strike  and  northeasterly  dip,  forming  the  bed  rock  of  Security  Bay. 
From  Security  Bay  southward  the  quartzitesare  exposed  along  the 
entire  western  shore  of  Kuiu  Island,  a  distance  of  nearly  50  miles, 
and  are  interrupted  only  locally  at  Washington  Harbor  and  at  the 
head  of  Pillar  Bay  by  granitic  intrusions.  Along  this  entire  coast 
no  observations  indicated  that  there  was  a  duplication  of  these  beds, 
but  it  is  probable  that  duplication  exists.  The  total  thickness  of  the 
beds  cannot,  therefore,  be  estimated,  though  it  must  amount  to  many 
thousands  of  feet. 

DEVONIAN. 

At  the  base  of  the  Devonian  are  conglomerates  of  considerable 
thickness,  which  contain  pebbles  and  cobbles  derived  from  the  older 
Silurian  beds.  This  fact  suggests  an  unconformity  between  the 
Silurian  and  Devonian  strata,  though  neither  in  the  Ketchikan  nor 
in  the  Wrangell  districts  were  these  two  formations  observed  in  con- 
tact with  each  other. 
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Along  the  northwest  shore  of  Prince  of  Wales  Ishind  and  on  the 
^mailer  islands  adjacent  to  Davidson  Inlet  limestone  of  considerable 
thickness   at   many   points   overlies   these   conglomerate   beds,    and 
together  they  represent  the  lowest  horizon  of  the  Devonian.     These 
conglomerates  consist  essentially  of  cobbles  of  banded  quartzite  with 
Home  limestone  and  schist  fragments.     Toward  the  limestone  beds 
they   grade   into   sandstone   and    skity    limestone.      They    are   con- 
formably  overlain   by  the   limestone  strata.     Narrow   beds  of  the 
sandstone  also  occur  interstratified  with  the  limestone  l)eds.     The 
limestones  are  semicrystalline  and  gray  to  blue  in  color,  and  not 
many  of  the  fossil  remains  in  them  are  preserved.    At  several  points, 
however,  imperfect  fossil  remains  were  gathered;  the  largest  collec- 
tion was  obtained  on  the  east  shore  of  Ileceta   Island   from   beds 
directly   overlying  the   conglomerates.     Kindle   reports   as    follows 
on  this  collection : 

Cliff  on  east  side  of  Heeeta  Island, — The  faiiiui  from  this  locality  includes 
^tropheodanta  cf.  comitafis  Barr.,  OyiHduhi  of.  oinitus,  Atryita  rctirularls, 
Pvniamerus  cf.  proceruJusi  Atrypa  cf.  aspcra,  and  several  undetermined 
species. 

The  horizon  is  apparently  lower  Devonian.  A  fragmentary  shell  which 
I'eems  to  represent  a  finely  plicated  Conchidium  indicates  a  horizon  not  later 
than  early  Devonian. 

The  total  thickness  of  the  conglomerate  IkhIs  is  estimated  at  l,i!()() 
feet  and  that  of  the  overlying  limestone  strata  at  1,800  feet.  At  this 
locality  the  rock  beds  are  broadly  folded  and  considerably  meta- 
morphosed. 

A  somewhat  higher  horizon  of  the  Devonian  is  represented  by  the 
fauna  contained  in  the  limestone  beds  on  Long  Island,  in  Kasaan 
Bay  on  the  east  side  of  Prince  of  Wales  Island.  At  this  localitv 
l>oth  lower  and  middle  Devonian  fanna  have  been  recognized,  though 
tbe  limestone  strata  containing  them  are  ai)i)arently  conformable. 
The  first  fossils  from  this  locality  were  gathered  by  Brooks"  in  1901, 
and  were  determined  as  middle  Devonian  by  Prof.  Charles  Schuchert. 
In  1905,  E.  M.  Kindle  made  a  more  complete  collection  at  this  local- 
ity and  submits  the  following  report  : 

Bine  limestones  form  mucli  of  tbe  surface  outcrops  on  a  group  of  small,  l<»w 
islands  near  the  middle  of  Kasaan  Bay,  of  which  Lonj^  Island  is  the  larffost. 
^^  Round  Island  the  limestones  are  not  proatly  uu'tnniorphostMl,  hut  Imvo  occu- 
pied a  zone  of  vigorous  deformatioual  activity.    The  island  affords  an  unlntor- 
nipted  outcrop  of  the  limestones  entirely  around  its  shore  line.     Those  outcrops 
are  of  particular  interest  as  illustratiuj;  in  a  small  area  the  complex  character 
oHhe  deformation  in  this  region.     The  heds  are  everywhere  inclined  at  a  hi;;h 
an/fle,  usually  about  90**.    On  the  north  and  east  sides  of  the  island  the  strike 
is  within  a  few  degrees  of  due  north.    From  nearly  due  n(U'th  the  strike  swinjrs 
aroand  abruptly  to  N.  80**  E.  on  the  west  side  of  the  island.    The  exposures  on 
the  west  side  show  the  shari)  elbow  which  the  nearly  vertical  strata  make  in 

•Op.  cit.,  p.  43. 
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changing  from  a  northerly  to  an  easterly  strike.  The  limestone  o-.i  Hound  rslaiid 
is  shown  by  its  fossils  to  be  of  the  same  age  as  the  upper  beds  on  Long  Island, 
which  lie  a  few  hundred  yards  southeast 

On  I^ng  Island,  which  has  a  length  of  about  2  miles  and  an  average  width 
of  less  than  one-half  mile,  the  limestones  show  a  less  degree  of  deformation  than 
those  of  Round  Island.  The  flexures  have  comparatively  gentle  dips,  amounting 
in  parts  of  the  southeastern  portion  of  the  island  to  only  5**  or  10**.  In  the  west- 
ern part  of  the  island,  however,  the  dip  rises  to  00*.  The  strike,  as  on  Rour.d 
Island,  varies  greatly. 

A  section  along  the  south  side  of  Long  Island  from  the  east  end  to  Salt  Pond 
shows  the  following  series  of  bcnls: 

Section  /i,  Lorg  Inland. 

Foot. 

c.  Hard,  dark-gniy  limestone,  slijrhtly  'larker  than  the  preceding 270 

h.  Hard,  blue,  tine-grained  liuieston**,  fracturing  easily  in  any  dinn-tion 200 

a.  Buff  or  cream-colored  feldsrathic  sandstone  underlying  the  limestones JK) 

500 

The  two  divisions  of  tl' j  limestone  series  are  conformable,  and  the  upper  and 
lower  portions  are  very  similar  in  lithologic  character.  Analys<»s  of  the  upper 
and  lower  portions  of  the  limestone  scM-ies  show  them  to  b<^  very  similar  in 
chemical  comiiosltion,  one  <arrying  SM;.11  per  cent,  the  other  07.50  i)er  cent  of 
lime. 

Aside  fnmi  the  faunni  tllfTerences,  which  are  <iuite  mark«Hl,  there  are  no  very 
evident   reasons  for  making  two  divisions  of  the  limestones. 

Fauna. — The  character  of  the  fauna  in  the  lower  section  ih)  of  the  limestone 
series  Is  indicatetl  by  the  following  list: 
Stictopora  sp.  Murchisonia  sp.  2. 

Cla(h)pora  s[).  Planitrot-hus  cf.  amicus. 

Spirifer  cf.  sulcatns,  Ilisinger.  Loxoncnia  sp. 

Sangnlnolltes  sp.  Holopella  sp. 

Cardiola  sp.  Trm-honcma  sp. 

Ilercyiiella  nobilis,  I5arr.  lOuomphalopteris  V  si). 

Ilercyiiclla  bt'hennca,  Harr.  ()iK»rciilum. 

llolopca  SI).  Peyrlchia  V  si). 

Murchisonia  angulata  riiilllps.  Lepcrditia  sp. 

Murchisonia  sp.  1.  Ortboceras  sp. 

The  occurrence  of  the  j;einis  llcrcynella  in  this  fauna  is  of  considerable  inter- 
est, since  it  lias  not  been  found  heretofore  in  America.  H,  hohcmica  occurs  in 
llu'  lower  l)c>oni;,n  of  tlic  I'lai  mountains.  I'.oth  //.  holn mica  and  //.  nobilis 
art?  present  in  eta;:4'  F  of  liarrand's  I^oheniian  section.  Their  presence  in  the 
fauna  at  Lonj:  Island  Indicates  that  the  latter  Is  nnicb  more  clost»ly  relatt^l  to 
the  lOnropean  and  Asiatic  than  to  tlie  Ainerh-an  faunas  outside  of  Alaska. 
This  lowei'  fauna  at  l.nu;;  Island  repres<'nts  the  lowest  Devonian  horizon  which 
has  been   found  in  Alaska. 

In  the  upper  portion  of  the  higher  llniestonc  ir)  the  following  fauna  are 
found  : 

I'avosltes  rW  radiciforniis  Horn.  Calceola  cf.  sandalina. 

Cyatliopbylhun  sp.  Syrin.iropora  sp. 

nrthopliyllnni   V  sp.  Lingula  cf.  bobeinica. 

Zai)hrentls  sp.  Atrypa  reticularis  Linn. 
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Atrjiia  hygtrix  Hall. 
Gypidula  opatus  (Barr). 
Gypidula  cf.  iuterveulcus  (Barr). 
Mi^riMtella  cf.  barrisi  Barr. 
Stropheodoota  stepbanl  (Barr>. 
Spirifer  sp. 
Splrifer  hlans  Bich.  ? 
Spirifer  thetldis  Barr. 
Spirifer  Siibcompriumtus  Tsch. 
Spirifer  si). 

Spirifer  indefereiis  Barr. 
Spirifer  si). 
Itetlcularia  V  sp. 
KliynehoDella  cf.  aiiialtheii  Barr. 
Rbynchonella  livouica  Bucb. 
Pugnax  sp. 

Dalmauella  ocrlusa  Barr. 
Scbizopbora  macfarlanl  Meek.  ? 
Sebizopbora  striatula  Scblotb. 
Streptorbyucbus  sp. 
Stropbeodonta  comitans  Bnrr. 
Caniarotoecbia  ?  sp. 
Cypricardioia  V  sp. 
Concardium  cf.  bebemicum  Barr. 
Coneardium  sp. 


Luciiiia  cf.  proa  via  Ooldf. 

I^ptodesma  sp. 

Mytilai*ca  sp. 

Niieulites  sp. 

Telinopsis  sp. 

Holopella  ?  sp. 

Loxonema  ?  si). 

Murcbisoiiia  sp.  2. 

Murchisoiiia  sp.  1. 

Naticopsis  sp. 

Oriostoma  sp. 

Oriostoma  priuceps  var.  Ueblert. 

Kuomiibalus  cf.  i)lauorbi8  D'Arcb  and 

Vem. 
Tremanotus  cf.  fortis  Barr. 
Tentaculites  sp. 
Oo<.*eras  sp. 
Gomphoceras  V  sp. 
Orthoceras  sp. 
Cytberella  ?  sp. 
Entomis  i)elagica  Barr. 
Lepterditia  sp. 
Cyphaspis  sp. 
I^roetus  sp. 
I'roetus  cf.  roiuanooslci  Tscb. 


In  place  of  tbe  gasteropods  wbich  are  tbe  dominant  forms  in  tbo  lower 
borizon  tbe  bracbiopods  are  tbe  predominant  group  of  tbis  fauna.  Tbe  Iler- 
cyuellas,  wbicb  are  abundant  at  five  borizoiis  in  tbe  lower  beds,  appear  to  be 
entirely  absent.  Tbe  upi)er  fauna,  bowever,  agrees  witb  the  lower  in  its 
foreign  affiliations.  In  it  occurs  tbe  i)eculiar  coral,  Culccola,  very  common  in 
tbe  middle  Devonian  of  Euroije.  Several  8i)eclmens  among  the  brachioi)0(ls 
are  eitber  identic*al  with  or  have  their  nearest  analogy  in  Euro|>ean  siiecles. 
The  fauna  represents  a  middle  Devonian  or  late  lower  Devonian  horizon. 

The  lowest  40  feet  of  division  c  of  the  Long  Island  section  fnrnisheil  a  fauna 
differing  but  slightly  from  that  of  the  upper  part.  The  following  list  indicates 
its  character  : 


CladoiK)ra  ? 

Cyatboi)bylluni  sp. 

Cauiarotcecbia  sp. 

Meri  Stella  cf.  Ceres  Barr. 

Spirifer  sp. 

Spirifer  cf.  thetldis  Barr. 

Spirifer  cf.  cbeiroi)ter>-x. 

Stropbeodonta  comitans  Barr. 

Ortlionota  si). 


Schizodus  Hp. 

(*on(x*ardiuni  cf.  beliemicum  Barr. 

Euomphalus     planorbis     d'Arch 

Vern. 
Oriostoma  prlnceps  var.  Oehlert. 
Tentaculites. 
(\vrtoceras  sp. 
Orthoceras  sp. 
Proetus  cf.  ronianooski  Tsch. 


and 


The  stratigraphic  relations  of  Long  Island  limestones  to  the  geo- 
logical horizons  represented  on  the  adjacent  shore  of  Kasaan  Bay  can 
not  be  definitely  determined  because  of  their  topogiaphic  isolation. 

The  middle  Devonian  horizon  again  occurs  about  20  miles  south 
of  Long  Lsland,  at  the  head  of  Clover  Hay,  where  a  small  area  of 
schistose  argillites  and  black  limestone  is  found  almost  completely 
40840— Bull.  347—08 1 
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surrounded  by  an  intrusive  diorite  mass.  These  beds  are  highly 
tilted  and  have  a  general  east- west  strike.  Fossils  gathered  from  this 
locality  were  determined  by  E.  M.  Kindle,  as  follows: 

A'o.  421. — Southwest  aide  of  Clover  Bay,  east  coast  of  Prince  of  Wahw  Islaud. 
The  fossils,  which  are  badly  distorted,  include  the  following  siiwies: 

Favosites  cf.  heniisphericus.  'Camarotoechia  cf.  billiugsi. 

Sfhizophoria  cf.  striatula.  Pentamerella  ?  sp. 

Strophoo<lonta  i)crplana.  Atryim  reticularis, 

(.'honetes  cf.  mucronatus.  Sohizodns  si). 

The  age  is  Devonian.  The  fannal  evidence,  though  not  conclusive,  suggests 
that  the  horizon  is  la-obably  middle  Devonian. 

This  occurrence  shows  that  argillites  as  well  as  limestones  were 
dejKisited  during  middle  Devonian  time,  but  no  stratigraphic  rela- 
tions could  be  determined  because  they  are  surrounded  by  the  intru- 
sive mass. 

At  Vallenar  Bay,  on  the  north  end  of  Gravina  Island,  beds  of  slialy 
limestone,  argillaceous  schist,  and  schistose  conglomerate  containing 
middle  Devonian  fauna  occupy  the  structural  crest  of  an  anticline. 
These  beds  underlie  the  slates  and  greenstones  which  border  both  the 
east  and  west  shore  of  the  island.  Fossils  were  first  found  at  this 
locality  by  Brooks  in  1901,  and  were  determined  by  Charles  Schu- 
cliert  to  be  Devonian.  In  1905  a  collection  was  made  at  this  locality 
by  E.  M.  Kindle,  and  in  IDOl)  more  material  was  gathered  by  the 
writers.     Kindle  reports  as  follows: 

One  milr  icrst  of  }'anrnar  Bay,  Grarina  Island. — The  material  from  this 
loculity,  while  generally  insutlicleiit  for  specific  determination,  is  much  better 
than  that  obtained  last  year  (1!M)5)  and  leaves  no  doubt  as  to  the  Devonian 
age  of  the  betls  west  of  Vallenar  Hay.  Several  siH^clniens  of  Airy  pa  reticularis 
are  present.  This  sptn-ies  fixes  the  horizon  as  not  later  than  (^arlnmiferous, 
while  the  association  of  Chonvtvs  cf.  nianitohvnsis,  ^pirifcr  sp.,  ProetUH  sp., 
and  Cyvhnuma  sp.  indicate  a  horizon  of  Devonian  age,  probably  middle  De- 
vonian. 

The  Devonian  beds  at  this  locality  and  those  on  Long  Islaud  are 
included  under  the  name  '*  Vallenar  series"  by  Brooks"  and  are  de- 
scribed in  his  report  on  the  Ketchikan  district. 

Limestone  beds  containing  an  upper  IXnonian  fauna,  and  over- 
lying with  apparent  conformity  banded  ai'gillaceons  beds  similar  to 
those  of  middle  Devonian  age  exposed  at  Clover  Bay,  occur  in  a  small 
cove  ()  miles  south  of  Klawak  on  the  west  coast  of  Pi'ince  of  Wales 
Island. 

Kindle  reports  as  follows  on  a  collection  made  at  the  above  locality: 

.Vo.  H')). — Point  0  miles  south  of  Ivlawak.  west  coast  of  Prince  of  Wales 
Island. 


'  Brooks,  A.  IJ.,  Kotchllcan  mining  district  :  Prof.  TapiT  l'.  S.  (itM»l.''Survoy  No.  1,  1902, 
p.   IL\ 
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Fauna  compriscH: 
ZaphrentiK  8i>.  I'nxhictelhi  hallaua. 

Cyatho|)hylliiui  of.  KtMiicuIum.  Spirifer  cf.  unossofi  Verneuil. 

Cladopora  cf.  rcemeri. 

The  Productella  haUana  and  Hpirifrr  cf.  annsHufi  Vcrn.,  are  represented  by 
a  number  of  8i)ecimens  and  seem  to  be  the  most  abundant  fossils  at  the 
locality.  8.  anonsofl  is  a  representative  of  the  I'ral  Mountain  fauna,  and  is 
closely  related  to  8.  hungcrfordi  of  the  Iowa  Devonian.  ProductrUa  hallana 
is  a  common  species  in  the  western  American  Devonian  and  is  also  found  in 
the  Ural  Mountains.    The  horizon  represented  by  this  fauna  is  upi)er  Devonian. 

Three  miles  northT;est  of  the  above  locality,  on  a  point  opposite 
Fish  Egg  Island  in  Klawak  Inlet,  the  same  horizon  is  again  repre- 
sented. The  limestone  beds  strike  northerly  with  steep  dip  to  the 
northeast,  and  are  underlain  as  at  the  above  locality'  by  banded  sili- 
ceous slates.  The  duplication  at  these  localities  is  appi  rently  due  to 
folding,  though  the  folds  were  not  clearly  defined. 

Kindle  makes  the  following  report  upon  the  fossils  collected  at 
this  locality: 

Pmnt  north  of  Fish  Egg  Inland,  Klawak  Inlet,  near  Prince  of  U'(i/f'«  Inland, — 
A  small  collection  from  this  IcK'ality  is  c<)mi>os(Ml  mainly  of  corals  and  small 
ostracods.  It  includes  Stroniatopora  sp.,  Cyathophyllum  si>.,  Striaiopora  sp., 
and  Cyriina  n.  sp.  This  assemblage  indicates  a  horizon  of  probalily  late  Devo- 
nian age.  The  Cyrtinay  with  finely  striated  fold  and  sinus,  suggests  a  horizon 
not  earlier  than  upper  Devonian. 

South  of  these  two  localities  of  upper  Devonian  fauna,  on  the  east 
side  of  San  Juan  Bautista  Island,  the  same  horizon  is  again  repre- 
sented. The  limestone  beds  at  this  point  strike  northwesterly  with  a 
flat  dip  to  the  southwest,  and  a  wide  belt  of  granite  invades  them  and 
occupies  the  central  part  of  the  island  (PI.  I). 

Kindle  submits  the  following  report  on  tlie  fossils  gathered  at  this 
point: 

Southwest  end  of  San  Juan  Bautista  Island. — The  presence  of  k^^jnrifer  di.s- 
junetus  and  Productella  cf.  lachrymosa  in  the  fauna  from  this  locality  iudicjites 
a  horhBon  of  upper  Devonian  age.  There  are  also  present  CyathopfnjUum  sp., 
Athyris  cf.  angelica ,  Atrypa  reticularis,  and  other  species. 

The  limestones  at  the  latter  localities  represent  the  uppermost 
horizon  of  the  Devonian  reco^iized  in  this  province.  To  the  north, 
however,  on  Chichagof  Island  the  upper  Devonian  is  terminated  by 
a  considerable  thickness  of  submarine  mi^laphyre  lava  flows  and  tuffs 
interstratified  with  and  overlying  upper  Devonian  limestone  beds. 
Fos.sils  were  also  present  in  the  tuff  beds,  tlms  defining  the  age  of 
the.se  extrusives.  These  mela]:)hyre  lavas,  however,  were  not  observed 
in  the  Ketchikan  or  Wrangell  districts. 

The  distinctions  between  the  three  divisions  of  tlie  Devonian,  the 
upper,  middle^ and  lower,  in  most  places  are  not  clearly  defined  pale- 
ontologically,  and  at  no  locality  was  a  complete  section  of  these 
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horizons  obtained.  It  was  therefore,  necessary  to  group  the  Devo- 
nian under  two  divisions  in  the  stratigraphic  table  (p.  35),  namely, 
upper  to  middle  Devonian  and  middle  to  lower  Devonian. 

CARBONIFEROUS. 

The  stratigraphic  relations  between  the  early  Carboniferous  and 
the  late  Devonian  formations  are  not  definitely  known,  and  in  no 
place  were  the  formations  observed  together.  On  Chichagof  Island, 
north  of  this  province,  lower  Carboniferous  limestones  overlie  the 
upper  Devonian  volcanic  beds  with  apparent  conformity,  though 
this  relation  was  but  poorly  defined.  The  same  horizon  of  the 
lower  Carboniferous  is  represented  by  fossil-bearing  limestones  on 
an  islet  at  the  entrance  to  Soda  Springs  Bay,  on  the  west  coast  of 
Prince  of  Wales  Island.  The  limestone  beds  strike  northerly  and 
are  steeply  tilted  toward  the  east;  they  overlie  with  apparent  un- 
conformity conglomerates  and  sandstones  which  resemble  those  of 
early  Devonian  age.  On  Prince  of  Wales  Island  opposite  this  islet 
are  slates  and  chlorite  schists  which  resemble  those  probably  belong- 
ing to  the  upper  Carboniferous. 

The  collection  of  fossils  from  this  locality  was  referred  to  G.  H. 
Girty,  who  reports  the  following: 

The  S(Kla  Spriujjs  Bay  collection  contaius  the  following  forms: 

Zaphrentis  si).  rrf)diictns  aflF.  cora  D*Orbigny. 

Menophylliim?  sp.  Productus  afif.  concentricus  Hall. 

Derbya  sp.  Troductns  aff.  bnrliugtonensis  Hall. 

S<liizophoria?  sp.  Spirifer  afT.  bisnlcatns  Sowerby. 

Chonetes  sp.  Spirifer  alT.  keokuk  Hall. 

Prodnc'tus  aflf.  puuctatus.  Spiriferina  sp. 

Productus  aflf.  mesialis  HaU.  Keticnlaria  aflf.  setigera  Hall. 

Productus  aflf.  setiger  Hall.  Athyris  aflf.  lamellosa  L'Eveille. 
Productus  hirsutiforniis  Walcott. 

This  lot  clearly  belongs  to  the  lower  Carboniferous  fauna. 

On  the  south  end  of  Gravina  Island  3  miles  north  of  Dall  Head 
fossils  were  found  in  beds  of  calcareous  schist,  which  because  of 
their  ambiguity  could  not  be  definitely  determined,  but  are  pro- 
visionally referred  to  the  lower  Carboniferous.  These,  how^ever, 
may  roi)rosent  a  Triassic  liorizon. 

(lirty  reports  as  follows  on  (his  collection: 

f'ofv  ,i  miles  north  itf  Hall  Ihtnl,  irrsl  side  o/  (Jvavinn  Island. 

Zaphrentis  sp.  Halobia  ?  sp. 

1/itliostrotion  sp.  Pterin  V  sp. 

(\vrtinn  sp.  Tetinka  ?  cf.  bellula  Barraude. 

Martinia  ?  sp.  Loxonenia  ?  sp. 
Dielasnia  ?  aflf.  liovideus  Tschern..  uon      Kuoniphalus  ?  si). 

Martin.  Pleurotomaria  sp. 

Dielasma  ?  aff.  nullepunctatum.  Naticopsis  sp. 

-\vjcnli;)ecteu  V  sp.  Several  undeterniincHl  forms., 
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By  the  presence  of  Halobiaf^  which  is  very  similar  to  if  not  identical  with 
that  which  occurs  in  lot  17  ou  tlie  Yiilcon  (determintMl  as  lower  Carboniferous), 
as  well  as  hy  certain  other  particulars,  a  correlation  of  the  two  horizons  Is 
suggested,  and  i>erhaps  for  the  pn?sent  that  Is  the  best  disposition  which  can 
be  made  of  this  very  ambiguous  collection.  At  the  same  time  the  two  faunas 
are  rather  widely  difTerent. 

Few  data  exist  concerning  the  interval  between  the  lower  and 
upper  Carboniferous  faunas,  as  the  two  formations  are  nowhere 
present  at  the  same  locality  and  no  fauna  representing  the  intervening 
period  has  been  found.  The  upper  Carboniferous,  which  probably 
includes  the  most  extensively  developed  formations,  is  represented 
by  limestone  beds  at  Saginaw  Bay  and  Keku  Islets  at  the  north  end 
of  Kuiu  Island.  The  beds  there  overlie  sandstone  and  conglomerate 
with  a  suggestion  of  unconformity.  The  determination  of  the  fossils 
contained  in  several  collections  from  the  limestone  beds  on  Keku 
Islets  and  Saginaw  Bay  indicates  a  lower  and  an  upper  series,  both 
of  the  upper  Carboniferous  formation.  Girty  in  his  report  on  these 
collections  states: 

These  two  series,  but  especially  the  upiier,  are  what  have  previously  been 
determined  as  Permian  In  the  Alaska  Uange,  but  I  really  tiiid  that  the  resem- 
blance with  the  Gschelian  stage  of  the  Russian  section  Is  greater  than  with  the 
Russian  Permian.  Provisionally,  therefore,  I  will  correlate  this  horizon  with 
the  (ischel-stufe.  In  which  occur  a  great  number  of  equivalent  or  identical 
sfiecies.  This  fauna  is  entirely  unlike  anything  in  the  Mississip[)ian  province 
of  the  T'nited  States,  but  some  of  our  western  faunas  resembU*  it. 

On  the  northernmost  of  the  Keku  Islets  about  130  feet  of  a  white, 
cherty  limestone  occurs,  which  is  underlain  conformably  by  about  100 
feet  of  shale,  sandstone,  and  conglomerate  beds,  the  latter  consisting 
of  cherty  pebbles  and  limestone  fragments,  which  are  interstratified 
with  narrow  beds  of  limestone  containing  numerous  fossils.  These 
IkkIs  had  a  N.  10°  to  30°  \V.  strike  and  dip  of  30°  to  50°  NK.  (iirty 
in  his  report  notes  the  following  list  of  genera  from  the  above  lo- 
cality : 

FosmUs  from  northvrnmast  o/  Keku  Ishts. 

FiisuUna  aff.  L.  longissinia  Moell.  rrotluctns    n.  sp.   afT.    P.   tnb4»niilatns 

Stenoiioni  sp.  Moell. 

Ithombopora  sp.  Productus  sp. 

Meekella?  sp.  Marj^inifera  aff.  M.  jurcsancnsis  Tsch. 

lH»rbya?  sp.  Spirifcr  camcratus  Tsch.,  non  Martin? 

Chonetes  aff.  C.  trapezoidalis  Waap^en.  Spirifcr  arcticus  IloujjlitonV 

Protluctus  aff.  P.  cora  D*()rb.  Spirif(»rina  afT.  S.  i)yrann(lata  Tsch. 

Productus  aff.  P.  humboldtl   I>'Orl).  S<inamularia  si). 

Pnxluctus  aff.  P.  konlncklanus  Vern.  Pn^iax  aff.  Utah  Marcou. 

Productus  aff.  P.  fasclatus  Kut.  Khynchopora  aff.  U.  jreinitziana  Tsch. 

Productus  aff.  P.  tartaricus  Tsch.  Khynchopora  aff.  K.  nikitini  Tscli.V 

Productus  aff.  P.  lineatus  Waa^en.  Cnniarophoria   aff.  C.   pnrdoni    Davld- 

Productus    semireticulatus    Martin.  son. 

Productus  aff.  P.  jakovlevl  Ts(!h.  Camarophoria  aff.  (\  supcrstcs  Vevw. 
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Streblopteria  sp.  Pseodooielanui  s\k 

Aviculiiiecten  aflf.  A.  iiiccoyi  M.  and  U.  Luxunenia  aff.  L.  sobgracilis  Xeteh. 

A^ieuliiieeteD,  2  si>.  Tarbonellliui    aff.    T.    ehatzepovkensis 

Pinna?  sp.  Kak. 

Scbizodos  sp.  Plearotooiaria.  2  sp. 

Capolns  sp.  BeHerophoD  sp. 

StraiRirollns  sp.  Medlkt>ttia  aflf.  M.  ornlgnana  Vem. 

Bnliiiiorfibn  ?  nff.  B.  peraciita  M.  and  H.  I^eflienlitia  s|i. 

This  fanna  belongs  to  the  lower  series  of  the  Gschelian  or  upper  Cart>onif- 
eroas. 

A  few  miles  west  of  the  Kekii  Islets  the  Carboniferous  limestone 
is  again  found  on  Kuiu  Island  along  the  east  short  of  Saginaw 
Bay.  It  forms  a  belt  of  outcrops  from  Comwallis  Point  nearly 
to  the  head  of  the  bay.  The  peninsula  forming  the  east  side  of  the 
bay  is  in  an  area  of  moderate  folding  where  deformational  forces 
have  exerted  a  minimum  influence,  so  that  the  rocks  are  but  slightly 
metamorphosed  and  the  preservation  of  the  fossils  is  exceptionally 
good.  At  the  north  end  of  Halleck  Harbor,  near  the  entrance  of 
Saginaw  Bay,  the  axis  of  a  gentle  fold,  apparently  only  600  or  800 
yards  across,  lies  near  the  middle  of  the  cove.  The  dip  of  the  beds 
in  this  fold  varies  from  8°  to  45°.  Another  small  fold  may  be  seen 
just  west  of  Halleck  Harbor.  The  trend  of  these  folds  is  variable, 
but  is  generally  northwesterly  and  southeasterly.  The  section  ex- 
posed in  IIalle(*k  Harbor  is  very  similar  to  that  shown  on  Keku 
Islets.  Beds  of  white  cherty  limestone  450  feet  or  more  in  thickness 
overlie  a  series  of  black,  carlx)nacxH)us  shales,  calcareous  sandstones, 
and  conglomerates  with  an  exposed  thickness  of  1*25  feet.  This 
section  is  of  special  interest  because  the  faunas  present  in  its  upper 
and  lower  divisions  repivsent  resj)ectively  the  upper  and  lower  series 
of  the  upper  Carlx>iiiferous  formations.  In  the  lower  IxhIs  of  the 
section,  whid)  is  exceptionally  rich  in  genera,  (iirty  identified  the 
following  forms: 

Fossils  frftw    IhtUvrk   If  arbor,   Kuiu   Islainl :  lower  diri^Um   of  upper 

Cdrhoniferous. 

FiiHulina  aff.  F.  lonjrissiina  Mcm»I1.  Spirifor  aff.  S.  ufeiisis  Tsc*h. 

Crania  si>.  Spirifor  caineratus  Tst'h.,  non  Martiu? 

Sc-liizopboria?  sp.  Squaiiuilaria  n.  sp. 

Herhya  aff.  I),  rohusta  Hall.  Martiiiiopsis  sp. 

C'hoiH'tt's  si».  KhyiK'hoiKira  aff.  R.  proinitziana  Tsch. 

ChoiK'tos  aff.  C.  trai)ozoi(lalis  Waapon.  Dielasuia  sp. 

PrcMliutiis  aff.  P.  biiniboUlti  D'Orb.  Stri'blopteria  sp. 

rnMluctiiK  aff.  P.  iK)rn'<tus  Kut.  Avk-iilipocton  aff.  A.  meooyi  M.  and  H. 

Pro<liKtii8  aff.  P.  s<»inir<'ticnhitus  Mar-  Aviculii)ooten,  2  sp. 

thi.  Kntolinni  aff.  K.  avi(Milatiini  Meek. 

Prodnrtus  aff.  P.  wbrciikl  Stuck.  Solonopsia?  sp. 
Pr<Klu(tus  cora  D'Orb. 
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In  the  overlying  limestone  l)eds  l)el()iiging  to  the  upper  series  Girty 
ivports  the  following: 

Fossils  frotn  Halleck  Harbor,  Kuiu  Island;  upiivr  division  of  upper 

Carhfmifcrous, 

Zaphrentis?  sp.  Splrifer  aflf.  S.  a  la  t  us  Schlotli. 

Crinoid  frngmentR.  Spirifer  aff.  S.  I)la8l  Vern. 

Stenopora  8p.  Splrifer  articiis  Hoiightoii. 
Streptorbjmchus  aff.  S.  pelargonatnni     Spirifer  n.  sp.  nff.  S.  inarecmi  Waaf^en. 

Schloth.  Spirifer  aff.  S.  ilienerl  Tsiii. 

Choaetes,  2  sp.  Spiriferina  aff.  S.  cristata  Sclilotli. 

Produetus  aff.  P.  tlmanicus  Stuck.  Squauiularia  sp. 

Prodoctus  aff.  P.  aagardi  Toula.  Cleipthyrls  sp. 

Prodactus  aff.  gruenewaldti  Stuck.  (7amarophoria  uiargaritovi  Tscb. 

Productas  aff.  P.  bumboldti  D'Orb.  Caniaropboria   aff.  C.  purdoiii   Davld- 

Productos  aff.  P.  mamma tus  Keys.  sou. 

ProductQS  aff.  P.  llneatua  Waageu.  Ubyncboi)ora  aff.  U.  nikitini  Tseli. 
Produetus  aff.  occidentalis  Newberry.     UhyucboiKira  aff.  U.  jrelnitziana  Twb. 

PriNluctus  sp.  Dieiasma  sp. 

Corresponding  fauna  have  been  found  in  the  limestone  beds  at 
Taku  Harbor  on  the  mainland  in  the  Juneau  district,  and  in  the 
Ketchikan  district  limestone  beds  rich  in  coral,  fragments  and  prob- 
ably of  the  same  horizon  occur  at  the  head  of  George  Inlet. 

These  two  localities  in  the  mainland  belt  are  included  in  a  success- 
sion  of  argillitcs  and  crystalline  schists  which  arc  closely  folded  and 
highly  metamorphosed  and  form  a  band  from  5  to  15  miles  wide 
striking  northwesterly  along  the  southwest  flank  of  the  Coast  Range 
intrusives.  These  metamorphic  strata,  which  are  called  the  **  Ketchi- 
kan series"*  in  this  province  and  in  the  Juneau  district  the  "  Schist 
band,"*  probably  include  many  different  formations  which,  how- 
ever, can  not  be  defined  because  of  the  complexity  of  structure  and  the 
metamorphism  developed  in  them. 

At  the  Taku  Harbor  locality,  25  miles  south  of  Juneau,  specimens 
of  Produetus  aff.  P.  grueneicaldti  Krot.  were  found  by  E.  M.  Kindle 
in  1905  in  a  much-altered  limestone  at  the  base  of  the  slate-greenstone 
band  defined  by  Spencer.^  They  determined  definitely  the  age  at 
this  point  as  upper  Carl)oniferous.  At  the  (Jeorge  Inlet  locality  a 
large  collection  of  fragmentary  corals  was  gatheied  at  a  point  on 
Revillagigedo  Island  and  submitted  to  E.  M.  Kindle,  w^ho  repcu'ts  the 
following : 

yo.  966.  Paint  on  southeast  side  of  (Jeorge  Inlet  10  miles  from  its  head,  Re- 
rUlaijigedo  Island, — ^I'be  fossils  from  tills  point  roniprise  only  crinoid  stems, 
wbicb,  bowever,  are  so  nl>undant  as  to  malio  up  a  larj^o  iM)rtion  of  tho  rcH'k. 
CYhiofd  stems  can  not  ordinarily  be*  usimI  for  correlation.     However,  tbeir  tireni 


"Brooks,  A.  H.,  Ketchikan  mining  dlstrlrl  :  Prof.  Taprr  V.  S.  (Jool.  Siirvi'y  No. 
p.  42. 

•Bull-  U.  H.  Oeol.  Snrvey  No.  2S7,  V.m\,  pp.    10-17. 
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abiindauee  here  8<»em8  to  justify  n  Kiiruiiflo  that  they  very  |>n>bably  represent  a 
Carboniferous  horizon.  Crinoids  in  sucli  abundance  as  is  shown  by  these 
siieoiuieuK  m-cnir  in  very  few  places,  if  anywhere,  outside  of  Cjirboniferous  hori- 
zons. In  the  absence  of  other  evidence  the  horizon  represented  may  be  referred 
tentatively  to  the  Carl)oniferous, 

A  third  fossil  locality  in  this  mainland  belt  was  discovered  by 
L.  M.  Prindle  at  a  point  just  north  of  the  town  of  Wrangell.  The 
inclosing  nx^k  strata  were  argillaceous  black  slates,  and  the  fossils 
contained  were  so  poorly  preserved  that  definite  paleontologic  state- 
ments could  not  be  made  in  regard  to  them.  They  were  referred  to 
G.  H.  Girty  for  examination,  who  submits  the  following  report : 

The  fossils  in  question  consist  of  two  si)ecimens  of  i>elecypod  shells,  both 
apparently  belonging  to  the  same  si)ecies.  In  their  present  state  the  ultimate 
generic  characters  are  concealed,  and,  though  it  is  sometimes  possible  to  deter- 
mine the  genus  satisfactorily  without  these  characters,  as  by  some  i>ecullarity 
of  shape,  such  detemiiiuition  is  not  iiossible  with  the  present  examples.  In 
fact,  even  si)ecific  characters  have  been  more  or  less  obs(!urcd  and  changed, 
so  that  these  shells  might  belong  almost  equally  well  to  several  genera  whose 
range  and  geologic  age,  so  far  as  paleontologic  evidence  is  concerned,  might 
be  almost  anywhere  from  Devonian  to  Recent.  If  Paleozoic,  I  would  feel  dls- 
l)Osed  to  refer  them,  by  reason  of  their  shape  and  sculpture,  to  the  genus  Ed- 
mondia,  though  such  a  reference  would  be  little  more  than  a  surmise.  The 
range  of  Edmondia  is  practically  restricted  to  the  Devonian  and  Carboniferous. 
It  is  with  sincere  regret  that  I  submit  a  reiwrt  as  unsatisfactory  as  I  know  this 
must  be,  but  I  feel  that  the  evidence  would  not  Justify  a  stronger  or  more 
detinite  opinion. 

In  view  of  the  comparatively  weak  paleontologic  and  stratigi'aphic 
evidence  bearing  on  the  precise  age  of  tliese  argillites  and  crystalline 
schists,  it  is  possible  that  their  period  of  deposition  extended  even 
beyond  the  Carboniferous  period  into  the  Triassic,  especially  when 
the  extensive  development  of  Triassic  strata  to  the  south  in  British 
Columbia,  as  descril)ed  by  G.  M.  Dawson,"  is  taken  into  considera- 
tion. The  evidence  thus  far  gathered,  however,  indicates  Carbonifer- 
ous age  for  the  greater  portion  of  these  crystalline  schists  and 
argillites.  Besides  their  distribution  along  the  mainland  and  ad- 
jacent islands,  they  are  developed  widely  on  Prince  of  Wales  Island 
and  to  a  limited  extent  on  Kupreanof  Island. 

The  most  recent  Paleozoic  rocks  in  this  province  are  upper  Car- 
boniferous lava  and  tutf  beds  int  erst  ratified  with  beds  of  black  slate. 
(PI.  VII,  A.)  This  age  determination  is  based  on  their  structural 
relations  to  the  older  and  younger  rocks  and  on  the  fact  that  the 
upper  Carboniferous  strata  at  Taku  Harbor  undeilie  the  greens.tones 
with  apparent  conformity.  These  beds  in  the  Juneau  district  are 
described  at  length  by  Spencer  as  the  **  slate-greenstone  band.'' 
These  strata  trend  in  many  places  parallel  to  the  older  limestones 
and  s(*hists  and  have  been  subjected  to  the  same  dynamic  forces  that 

^  (;i'ol.  Nut.  Hist.  Siirvj'y  Cannjla.  1S70  SO,  pp.   1    177  \\. 
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produced  the  northwest -southeast  system  of  folds.  The  beds  are  in* 
many  places  steeply  tilted  either  to  the  southwest  or  to  the  nortii- 
oast,  although  local  variations  in  strike  and  dip  are  common.  The 
total  thickness  of  these  strata  has  been  estinmted  to  be  over  4,000 
feet.  They  o^'cur  principally  along  the  outer  border  of  the  mainland 
l)elt,  but  they  also  form  a  smaller  belt  along  the  seaward  sliores  of 
Chichagof  and  Baranof  islands  and  on  the  west  coast  of  Prince  of 
Wales  Island. 

As  a  whole  the  greenstone  members  of  this  slate-greenstone  for- 
mation predominate  over  the  slate  or  the  sedimentary  beds,  but  the 
relative  proportion  varies  from  place  to  place.  The  variation  is  at- 
tributed to  the  inequality  in  distribution  of  the  lava  flows  and  tuffs. 
In  the  beds  themselves  the  igneous  and  sedimentary  material  is  inti- 
mately associated  in  varying  amounts  and  grades,  from  altered  andes- 
itic  lavas  and  tuffs  to  purely  sedimentary  beds  (PL  VII,  .1). 

In  the  Ketchikan  and  Wrangell  districts  the  slates  and  greenstones 
can  be  traced  from  Dixon  Entrance  to  Cape  Fanshaw,  including 
Duncan  Canal,  Cleveland  Peninsula,  and  Gravina  Island.  They  as 
well  as  the  crystalline  schists  to  the  northeast  are  important  mineral- 
bearing  formations. 

Limestone  and  conglomerate  beds  of  a  Carboniferous  horizon  still 
higher  than  that  at  Saginaw  Bay  or  Taku  Harbor  occur  at  Pybus  Bay 
on  Admiralty  Island  and  have  been  recently  reported  from  Hamiltcm 
Bay  on  Kupreanof  Island."  The  relation  of  these  beds  to  the  slates 
and  greenstones  above  mentione<l  is  not  known,  but  in  the  strati- 
graphic  column  on  pages  34,  35  they  have  been  provisionally  placed 
alx)ve  the  slates. 

IklESOZOIC    STRATA. 

The  formations  in  the  Ketchikan  and  Wrangell  districts  tliat  have 
tyeeu  referred  to  the  Mesozoic  era  have  no  fossils,  and  their  classifica- 
tion is  therefore  based  entirely  on  structural  and  petiographic  evi- 
dence. The  only  Mesozoic  fossil  found  was  in  a  loose  fragment  of 
limestone  picked  up  at  the  head  of  Hamilton  Bay.  It  was  identified 
by  T.  W.  Stanton  as  Psettdomonotis  stthrirrt/Jarls  (Gabb),  which  is 
characteristic  of  a  horizon  near  the  top  of  the  upper  Triassic.  No 
similar  rock  was  seen  in  place  and  the  source  of  the  specimen  is  un- 
known, but  it  probably  represents  Triassic  beds  in  southeastern  Alaska 
and  thus  shows  that  deep-sea  conditions  existed  along  the  coast  at  that 
y>eriod. 

So  far  as  known,  the  Coast  Kange  intnisives,  which  (x»cupy  about 
half  the  land  area  of  southeastern  Alaska,  invaded  the  Ix^dded  forma- 


•  Mr.  W.  W.  Atwood  visited  this  locality  In  May,  1907.  and  reported  tlic  Hamilton 
Bay  occurrence. 
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tions  during  the  early  part  of  the  Mesozoic  era.  These  intrusives 
are  disciis.se<l  iui<ler  the  heading  "  Igneous  rocks." 

On  tlie  soutliern  end  of  Prince  of  Wales  Ishind  is  a  successiwi  of 
andesitic  flows,  conglomerates,  and  tuffs,  which  grade  into  a  series  of 
graywackes  or  indurated  sandstones.  These  have  been  considered 
Mesozoic  because  of  their  structural  and  petrographic  relations  to  the 
older  rocks^.  In  this  complex,  basaltic  and  andesitic  flows  are  inter- 
calated with  the  tuffaceous  beds,  and  both  flows  and  tuffs  alternate 
w^th  the  sedimentary  slates,  graywackes,  and  conglomerates.  They 
are  readily  distinguished  from  the  greenstones  by  the  wide  difference 
in  composition  and  texture  of  the  interstratified  beds  and  by  their 
predominant  reddish  color.  A  fine,  compact,  green  tuff  is  usually 
overlain  by  an  andesitic  lava  with  numerous  large  phenocrysts,  which 
in  turn  is  overlain  by  a  basaltic  lava  or  a  red  lava  conglomerate.  The 
gi^eenstone  beds,  on  the  other  hand,  vary  little  in  composition  and 
where  massive,  augite  crystals  form  the  phenocrysts. 

On  the  south  end  of  Prince  of  Wales  Island  the  andesitic  flows  and 
conglomerates  overlie  at  several  points  the  eroded  surfaces  of  gra- 
nitic intrusive  masses,  and  numerous  dikes  of  the  andesite  intrude 
these  older  granites.  Pebbles  and  fragmentary  masses  of  the  granite 
were  observed  in  the  tuffaceous  conglomerates,  showing  clearly  that 
the  andesites  are  younger  than  these  masses  of  granitic  rock.  The 
granites  at  this  point  were  more  altered  and  contained  more  shear- 
ing planes  than  are  usual  in  the  Coast  Range  intrusives,  and  they  may 
represent  a  batholitli  intruded  before  or  during  the  earlie^st  stages  of 
the  period  of  the  Coast  Range  granitic  invasion.  The  graywackes 
overlying  the  andesites  are  c.ompact  and  indurated,  but  do  not  show 
a  schistose  development  (see  PI.  VII,  B)  ;  the  numerous  slate  frag- 
ments [)r()minent  in  the  rocks  of  the  Sitka  series  to  the  north  are 
absent,  and  beds  of  slate  are  less  common.  Pebbles  of  granodiorite, 
quartz,  andesite,  and  graywacke  are  plentiful  in  the  conglomerates. 
These  beds,  as  a  whole,  though  tilted  at  steep  angles  and  folded, 
have  not  suffered  the  intricate  folding  and  metamorphism  shown  in 
the  ol(h»r  r(K*k  beds  including  the  Sitka  series.  Xo  fossil  evidence 
was  found  in  these  beds,  but  from  the  above  facts  it  is  reasonable  to 
suppose  that  they  cxrupy  a  position  in  the  stratigraphic  column  be- 
tween Triassic  and  upper  Cretaceous. 

To  the  north,  on  AdniiraUy  Island,"  in  Pybus  Bay,  slaty  limestone 
and  conglomerate  b(Mls,  containing  the  fossil  iorin^  Anrelhi  rrrtftslrol/ts 
and  Aucilld  jtloch'tL  overlie  the  upi)er  Carboniferous  beds  uncon- 
formnbly.  These  lower  Cretaceous  strata  may  represent  the  same 
horizon  as  the  graywacke  conglomerate  beds  mentioned  above,  though 
in  the  hitter  no  fossils  were  found. 


«  Hull.  V.  S.   (Jool.   Snrvoy   No.  1»S7.    VMM\.  p.    144. 
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TERTIARY  STRATA. 

The  Tertiaiy  bods,  as  shown  in  previous  reports,"  are  widely  dis- 
tributed along  the  North  Pacific  coast,  though  their  total  thickness 
is  comparatively  small.  In  the  Wrangell  district  they  are  locally 
developed  at  Hamilton  Bay  on  Kupreanof  Island.  On  Prince  of 
Wales  Island  they  occupy  but  a  small  local  area  at  Coal  Bay,  a 
southern  arm  of  Kasaan  Bay. 

The  Tertiary  beds  comprise  an  assemblage  of  conp:lomerates,  sand- 
stones, and  lignitic  coal  seams,  together  with  volcanic  lava  flows 
overlying  and  interstratified  with  the  sediments. 

The  occurrence  of  the  beds  at  low  elevations,  surrounded  in  places 
by  mountains  of  Paleozoic  rocks,  indicates  that  the  Tertiary  sedi- 
ments were  deposited  in  lakes  or  shallow  embay ments  alternating 
with  swampy  land,  on  which  the  vegetation  of  the  coal  beds  accumu- 
lated. Erosion  and  movement  of  the  older  rock  beds  probably  caused 
the  local  basin-like  depi*essions.  The  beds  are  still  soft,  friabl«\  and 
unmetamorphosed,  though  they  are  in  many  places  fractured  and 
tilted  to  some  extent.  However,  the  deformation  of  the  original  hori- 
zonal  .structure  is  slight  when  compared  with  that  of  the  underlying 
strata.  The  conglomerates  of  the  Tertiary  consist  essentially  of  slate 
iragments  with  j^ebbles  of  granite,  greenstone,  and  limestone,  many  of 
them  measuring  several  inches  in  diameter.  These  alternate  with  beds 
of  sandstone  and  shale  and  with  them  have  a  general  southerly  dip 
of  from  5°  to  10°  and  an  easterly  strike.  Sandstone  is  the  [)red()mi- 
nant  rock  of  the  Tertiary.  It  contains  less  quartz  than  usual  and  a 
large  amount  of  rock  fragments,  such  as  slate  and  limestone,  rather 
than  of  mineral  fragments.  The  beds  are  gray  to  brownish  and 
loosely  consolidated,  many  of  them  showing  cross-lx»dding.  The 
shale  Ijeds  contain  a  high  percentage  of  clay  and  bituminous  matter, 
and  in  them  are  numerous  fossil  plant  leaves. 

Coal  occurs  in  l)eds  3  inches  to  '^  feet  thick,  interstratified  with 
seams  of  carbonaceous  shale  and  sandstone.  It  varies  from  a  bhu'k 
lignite  to  a  bituminous  coal,  but  nowhere  in  southeastern  Ahiska  has 
it  l)een  found  in  connnercial  quantities. 

The  gray  shales  of  this  sandstone  series  contain  an  abundant  flora, 
which  F.  H.  Knowlton  considers  as  probably  of  Kenai  age  (ui)per 
Bkx^ne).  A  collection  from  Hamilton  Bay  was  submitted  to  him  and 
the  following  species  were  identified: 

•  I>an,  W.  H..  Coal  and  IlRnlto  of  Alaska:  S««vont«M'ntli  Ann.  U<'pt  r.  S.  (Jool.  Survoy. 
pt.  1,  18IMI;  Brooks.  A.  H.,  Coal  resources  of  Alaska:  Tw«'nty  sjU'ond  Ann.  U^pt.  V  S. 
Oeol.  Survey,  pt.  3,  1902. 


60        KETCHIKAN  AND  WRANOELL  MINING  DISTRICTS,  ALASKA. 

Fossil  plants  from  Uamilton  Bay,  Alaska. 

Sequoia  laiipMlorfii  (Brgt.)  Heor.  Qiiurcua  sp.  iiov. 

Sequoia  nordeusltioldi?  Ileer.  Ijaurus  ap. 

Taxodium  difltichum  miocenum  Heer.  Populus  sp. 

JuglauH  ni^ella  Heer.  Alnus  sp. 

I'linus  sp.  CaRtalia?  sp.  nov. 

A  succession  of  basaltic  lava  flows,  in  which  columnar  jointing  is 
a  well-developed  and  characteristic  feature,  overlies  the  coal-bearing 
strata,  and  occupies  extensive  areas  on  the  northeast  end  of  Kuiu 
Island  and  the  entire  southern  shore  of  Kupreanof  Island.  These 
lava  beds,  with  occasional  strata  of  conglomerate,  sandstone,  and 
tuff,  have  a  total  thickness  estimated  at  2,000  feet.  In  the  lower 
portions  of  the  series  exposed  along  the  shores  of  Port  Cam- 
den on  Kuiu  Island  narrow  seams  of  impure  coal  were  observed, 
and  fossil  plant  leaves  were  collected  from  the  interstratified  sand- 
stone beds.  Beds  of  coarse  conglomerate  with  pebbles  mostly  of  vol- 
canie  material  also  occur,  grading  into  the  sandstone  beds.  Structur- 
ally these  beds  are  inclined  only  a  few  degrees  from  the  horizontal 
and  have  suffered  little  or  no  deformation  since  their  deposition. 

A  collection  of  plant  remains  from  fine-grained  gray  argillaceous 
sandstone,  interstratified  with  the  lava  conglomerates,  was  made  at 
a  point  east  of  Port  Camden,  3  miles  south  of  the  entrance.  Knowl- 
ton  states  in  his  report  on  this  flora  that  the  material  was  ample  and 
very  finely  preserved  and  determines  the  age  as  Kenai.  The  plants 
identified  are: 

Fo.s.sil  plants  from  Port  Camden,  Alaska, 

Secpiola  langsdorfli   (Brjct.)  Hoer.  liastnea  stiriaca   (Uuger)  Heer. 

Taxodium  disticiiuni  niiocenuni  np<»r.       Coryius  niacquarrii   (Forl>es)  Heer. 
Tax<Mliuin  olril^i  Heer.  Jupiaus  nijrella  Hc»er. 

The  above  determinations  and  the  stratigraphy  indicate  that  the 
l)eds  at  Hamilton  Bay  and  at  Port  Camden  represent  about  the  same 
horizon. 

The  Tertiary  beds  observed  at  Coal  Bay  on  the  east  side  of  Prince 
of  AVales  Island  are  very  limited  in  extent  and  apparently  occupy  a 
local  basin  formed  in  the  underlying  Paleozoic  rocks. 

An  exi)osure  of  these  beds  one-third  of  a  mile  up  the  creek  at  the 
head  of  Coal  Bay  showed  the  following  siH'tion: 

Section  of  Tertiary  beds  at  Coal  Bay,  Alaska. 

Ft.  in. 

Coarse,  iinxy  to  hrownisli  sandstone 4  0 

IMnc.  tine-jrrainod  siindstone 5  0 

The  strike  of  these  beds  was  X.  (;0°  W.,  and  the  dip  15^  XE.  The 
coal  is  a  brownish-black  lignite  of  light  weight  and  contains  occa- 
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sional  grains  of  amber.  It  is  said  to  burn  poorly,  leaving  nuicli  ash. 
Two  shafts,  one  20  and  one  40  feet  deep,  have  been  sunk  at  this  local- 
ity without  satisfactory  result. 

Pliocene  beds  like  those  which  occur  along  this  coastal  belt  farther 
northwest,  at  Lituya  Bay,  and  gravel  beds  containing  marine  shells, 
which  are  present  at  points  in  the  Juneau  district,  have  not  been 
observed  in  the  Ketchikan  or  Wrangell  districts. 

The  most  recent  rocks  are  the  basaltic  lava  flows  along  the  main- 
land and  on  Revillagigedo  Island,  in  the  Ketchikan  district.  These 
are  described  in  the  following  pages  under  "  Igneous  rocks." 

IGNEOUS  ROCKS. 

The  igneous  rocks  include  (1)  the  intrusive  nuisses,  as  the  granitic 
batholiths,  gabbros,  and  i>eridotites  which  invade  the  sedimentary 
rock  beds,  (2)  the  extrusives,  or  those  which  represent  surface  lava 
flows  during  the  different  geologic  periods,  as  the  greenstones,  ande- 
sites,  and  basalts.  The  most  abundant  and  important  of  the  igneous 
rocks  are  the  Coast  Range  granitic  intrusives,  which  occupy  about 
one-half  of  the  aggregate  land  area  of  these  two  districts. 

COAST  RANGE  INTRUSIVES. 
GENERAL   DB8CRIPTI0N. 

The  Coast  Range  massif,  as  it  has  been  defined  by  Dawson,  is  not 
of  the  same  composition  throughout  but  is  composed  of  ditt'eivnt 
kinds  of  igneous  rocks  ranging  from  gi-anite  to  diorite  and  even 
gabbro;  quartz-hornblende  diorite  or  tonalite  being  the  predomi- 
nating type.  The  most  noteworthy  feature  of  the  entire  Coast  Range 
mass  of  intrusives  is  their  general  uniformity  in  texture  and  their 
continuity.  The  variations  across  the  range  are  apparently  not  so 
gradgal  as  those  along  its  trend.  The  Coa^t  Range  massif  consists 
of  many  separate  interlocking  batholiths,  or  batholiths  within  bath- 
oliths, intruded  at  successive  epochs  but  during  the  same  general 
period  of  irruption.  In  the  southern  part  of  Alaska,  especially  in 
the  Unuk  River,  Stikine  River,  and  Portland  Canal  sections,  the 
contacts  between  the  different  batholiths  are  less  sharp  than  in  the 
northern  Skagway  cross  section.  The  geologic  evidence  indicates 
that  the  granite  in  the  southern  region  was  intruded  into  more 
deeply  buried  rocks  than  that  in  the  northern  region,  and  this  fact 
may  acount  in  part  for  the  difference  in  contacts.  It  is  probable 
that  under  such  very  deep-seated  conditions,  owing  to  the  general 
similarity  in  composition  between  the  masses,  local  gradations  would 
take  place  at  the  contacts  and  obliterat<»  the  shari)  li'^^"^  of  demarca- 
tion which  would  result  if  tin*  superheated  intrusive  masses  were 
nearer  the  surface   and   in   contact   with   cooler   surrounding  rock 
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In  this  i>ortion  of  the  Ahiskan  Coast  Range  rapid  gi^adations  from 
one  type  to  another  (xrur  and  indicate  in  many  ways  intrusion  within 
intrusion  Ijesides  variation  due  to  differentiation  and  assimilation. 
Naturally  it  is  not  probable  that  intrusion  was  or  could  be  accom- 
plished over  such  a  wide  area  at  one  time  and  by  one  huge  magma. 
For  the  gradual  relief  of  strains  and  stresses  due  to  the  transfer  of 
so  much  material  and  also  for  the  action  of  a  viscous  magma  the  lapse 
of  considerable  time  must  be  assumed.  Furthermore,  all  conceptions 
of  the  mechanics  of  mountain  building  involve  the  consideration  of 
a  complicated  system  of  forces,  which  require  nice  adjustment  to  be 
brought  into  e<iuilibrium;  local  differential  forces  of  compression  or 
tension  must  be  relieved  by  changes  in  relative  position,  while,  the 
larger  orogenic  tangential  or  radial  forces  must  also  find  eventual 
expression  and  relief  in  mass  transfer,  as  by  batholithic  intrusions 
and  orogenic  uplift.  We  have,  then,  to  deal  with  a  dynamic  system 
tending  toward  static  equilibrium,  and  therefore  the  time  element  is 
involved  in  our  general  conceptions  of  the  mechanics  of  the  problem. 

Sevei-al  interesting  facts  were  observed  in  the  field  which  have  a 
l)earing  on  the  general  problem  of  the  explanation  of  the  Coast  Range 
intrusion.  Jointing  planes  and  sheeted  zones  are  often  well  marked 
in  the  granodiorite,  and  trend  northwest  with  steep  northeasterly 
(lips.  In  the  southern  part  of  southeastern  Alaska,  particularly 
along  the  shores  of  Behm  Canal,  pegmatite  and  aplite  dikes  form  an 
intricate  network  and  mesh  of  white  strands  along  the  outer  portions 
of  the  granodiorite  massifs  and  in  the  adjacent  schists,  but  in  the 
central  pails  of  the  batholiths  they  are  practically  absent.  Several 
systems  of  such  dikes  were  observed;  the  oldest  set  occurs  as  thin, 
narrow  bands  following  master  joint  planes  and  standing  out  as  ribs 
above  the  surface  of  the  more  easily  weathered  granite;  a  second  set 
is  wider  and  usually  perpendicular  to  the  first;  while  a  thir^  and 
still  hiter  set,  which  is  distinctly  irregular,  apparently  fills  the  largest 
fracture  cracks.  This  condition  suggests  that  during  the  last  period 
of  magmatic  activity  the  rock  masses  underwent  considerable  move- 
ment and  fracturing  and  were  brought  nearer  the  surface.  That  still 
later  differential  movement  has  taken  place  is  evident  from  the  minor 
faulting  of  the  pegmatite  dikes  themselves.  At  a  distance  this 
schist  complex  with  its  ininimerable  pegmatitic  dikes,  resembles  a 
breccia,  the  white  pegmatites  acting  as  interstitial  cement  for  the 
dark  angular  fragments  and  bl(K*lvs  of  schist. 

The  sedimentary  rocks  flanking  the  Coast  Range  batholiths  in 
this  region  are  folded  closely  near  the  contact  and  more  openly  at 
a  distance,  so  that,  though  their  general  trend  is  parallel  to  the 
range,  their  dip  is  extremely  variable,  ranging  from  northeasterly 
to  southwesterly  at  all  angles.  Such  dips,  however,  do  not  exist 
throughout  southeastern  Alaska,  for  northward  from  Belmi  Canal^ 
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ill  the  Wningell  ami  Juiieiiu  districts,  the  strike  and  dip  bi^coiiie  more 
and  more  constant,  the  schists  are  more  typically  developed,  miner- 
alization along  certain  bands  is  more  pronounced  and  sharp,  and 
closed  and  overturned  folds  appear  to  be  the  rule.  The  prevail! niij 
dip  is  steeply  northeast  into  the  mountains,  and  the  strike  is  parallel 
to  the  range.  The  economic  bearing  which  this  change  in  structun; 
has  had  on  the  formation  of  ore  bodies  is  interes'ting  and  is  discussed 
on  page  77. 

Petrographically  the  field  term  gi-anite,  which  is  generally  used 
to  designate  the  C!oast  Range  intrusives,  applies  to  only  a  small  part 
of  the  rocks.  The  prevalent  ty}>e  is  less  siliceous  and  ranges  in  com- 
IK)sition  from  gi*anodiorite  to  diorite  and  gabbro,  with  hornblende 
and  biotite  as  colored  constituents  and  titanite  as  a  frecpient  visible 
accessory  component.  As  a  general  rule  hornblende  appears  more 
abundant  near  the  coast,  while  biotite  predominates  near  the  inland 
Ixjrder  of  the  Coast  Range  batholiths.  Near  the  coast  also  the 
granite  is  usually  more  gneissoid  in  aspect,  esj^ecially  along  Behm 
Canal,  and  contains  abundant  inclusions  of  the  intruded  schist  near 
its  contact.  These  inclusions  Ix^come  more  and  more  coarsely  crystal- 
line away  from  the  contact,  until  finally  they  resemble  basic  or  acidic 
differentiation  products  and  are  gradually  lost  sight  of.  A  charac- 
teristic feature  in  this  region  is  that  while  aplitic  and  particularly 
IH'gmatitic  dikes  are  extremely  abundant  near  the  western  contact  of 
the  granite  and  form  an  intricate  network  in  the  adjoining  schist 
ai-eas,  they  are  rare  and  practically  absent  in  the  central  parts  of  the 
range.  On  its  eastern  flanks  numerous  salic  dikes  occur,  but  they  are 
far  less  abundant  than  on  the  coastal  side.  The  absence  of  minette 
and  similar  basic  differentiation  dike  products  is  noteworthy  and 
may  be  due  to  the  fact  that  the  dikes  are  pegmatitic  rather  than 
aplitic  and,  therefore,  are  not,  strictly  speaking,  magmatic  differen- 
tiation products  in  the  usual  definition  of  the  word. 

The  importance  of  the  j)egnuitites  becomes  apparent  when  the  mode 
of  formation  from  a  solution  emanating  from  the  intrusive  mass  is 
considered.  They  represent  only  a  small  part  of  the  work  accom- 
plished by  the  pneumatolytic  solutions  of  the  granite  and  are  convinc- 
ing evidence  of  the  gi*eat  volume  of  pneunuitoh  tic  solutions  which 
accompanied  the  batholithic  invasions.  The  intimate  connection  of 
the  ore  bodies  in  southeastern  Alaska  with  the  intrusive  masses  has 
Ijeen  proved  directly  in  several  places  and  is  inferred  in  a  number 
of  the  remaining  deposits. 

AVEBAtiK   COMPOSITION    OF    THE    (OAST    KAN(JK    nATIlOLITIIS. 

Although  the  composition  of  the  Coast  Range  granodiorites  varies 
considerably  from  point  to  point,  it  is  desirable  to  ascertain  the  ap- 
proximate average  composition  of  the  entire  mass.     To  tliis  end 
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.seven  typical  specimens  were  selected  from  dilfferent  parts  of  the 
range.  These  specimens  were  chosen  with  special  regard  to  their 
abundance  and  general  distribution  throughout. the  area,  abnormal 
and  rare  types  being  disregarded  altogether.  Each  of  these  speci- 
mens was  studied  in  detail  under  the  microscope,  and  a  careful  esti- 
mate of  the  relative  quantity  of  each  mineral  in  the  rock  was  made 
from  the  thin  sections  by  the  Rosiwal  method.  Although  the  values 
thus  obtained  are  necessarily  only  first  approximations,  they  repre- 
sent roughly  the  general  mineral  content  of  the  Coast  Range  grano- 
diorite. 

The  following  average  mineral  com}x>sition  was  thus  obtained: 
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The  average  specific  gravity,  2.77,  was  determined  by  weighing  the 
hand  specimens  in  air  and  then  in  water. 

From  these  data  the  average  chemical  composition  was  calculated 
by  assuming  for  the  hornblende  and  biotite  the  comi>ositions  of  like 
minerals  from  a  similar  rock  from  Butte,  Mont. 
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This  chemical  and  mineral  composition  places  the  rock  in  the 
family  of  the  quartz  diorites,  of  the  type  tonalite  according  to  the 
usual  classification.  In  the  new  quantitative  classification  of  Cross, 
Iddings,  Pirsson,  and  Washington  the  rock  is  dosalic,  dosalone  quar- 
dofelic,  alkalicalcic,  and  dosodic,  and  belongs  in  Class  II,  order  4 
(austrare),  rang  3  (tonalase),  and  subrang  4  (tonalose).  In  short, 
it  is  tonalose  of  the  ordinary  type. 

The  amount  of  titanite  is  unusual  and  is  characteristic  of  many  of 
the  Coast  Range  intrusives.  The  highly  lustrous,  well-shaped  crys- 
tals of  this  mineral  glisten  in  the  sunlight  and  attract  the  attention 
of  the  most  casual  observer.  The  hornblende  occurs  usually  in  dark 
prismatic  crystals,  noticeable  for  the  excellent  prismatic  cleavage  and 
the  lack  of  terminal  faces.  Many  biotite  flakes  are  hexagonal  and 
deep  brown  in  transmitted  light.  A  few  apatite  crystals  are  visible 
to  the  unaided  eye,  but  this  mineral  occurs  generally  in  fine  hexagonal 
crystals  of  microsc'opic  dimensions.  Pale  green  veinlets  of  secondary 
epidote,  which  follow  fracture  planer  in  the  granodiorite,  are  not 
rare. 

These  even-grained  rocks  usually  have  the  nonnal,  sharply  defined, 
granitoid  texture.  However,  gradations  to  holocrystalline  porphy- 
ritic  phases,  due  to  the  superior  development  of  the  feldspars,  (KTur. 
Gneissic  structure  is  common  near  the  western  margin  of  the  Coast 
Range  belt.  In  some  places  the  development  of  gneissic  structure  in 
the  granite  has  been  so  far  advanced  and  the  recrystallization  of 
the  neighboring  invaded  sediments  to  gneiss  has  been  so  thorough, 
that  it  is  difficult  to  define  the  precise  limits  of  the  original  intrusive 
granite. 

CONTACT    MKTAMORIMIISM. 

That  the  immense  Coast  Range  batholiths  are  not  surrounded  by 
evident  contact  aureoles  of  similar  ])roportions  has  been  frecjuently 
noted.  Contact  minerals  have  been  observed  only  rarely  and  are  of 
local  significance. 

In  metamorphic  alteration  those  changes  in  mineral  combinations 
take  place  which  tend  to  produce  under  the  given  conditions  more 
stable  equilibrium  throughout  the  system.  It  is  probable  that  at 
many  i>oints  along  the  western  flanks  of  the  batholiths  the  schists 
now  visible  were  so  deeply  buried  at  the  time  of  intrusion  that  the 
invading  granite. did  not  alter  them  so  materially  as  to  produce  wide 
contact  change.  Strata  nearer  the  surface  at  the  time  of  intrusion 
should  show  more  pronounced  alteration  from  the  magmatic  solutions 
and  the  heat.  Although  the  strata  directly  above  the  massifs  have 
long  since  been  removed  by  erosion,  an  observer  approaching  the  con- 
ta.cts  from  the  southwest  finds  that  distinct  changes  in  the  sedi- 
mentary rocks  are  generally  noticeable,  especially  in  the  southern 
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portion  of  southeastern  Alaska.  The  prevailing  argillites  become 
more  visibly  crystalline,  and  at  many  points,  especially  in  the  Wran- 
gell  district,  new  minerals,  andahisite  and  staurolite,  occur.  From 
the  coast  of  Behm  Canal  to  the  western  contact  of  the  Coast  Range 
massif  the  invaded  sedimentary  rocks  change  from  slates  and  argil- 
lites to  phyllites  and  mica  schists  and  in  some  places  near  the  con- 
tact to  gneiss.  The  many  types  of  hornfels  arc  rare,  and  spotted 
schists  do  not  form  an  integral  part  of  the  complex.  The  strata  are 
intensely  folded  and  w^ere  undoubtedly  deeply  buried  at  the  time  of 
the  granite  invasion.  Deep-seated  metamorphic  forces  were  already 
active  and  had  undoubtedly  heated  and  altered  .the  rocks  to  such  an 
extent  that  the  granitic  intrusion  did  not  disturb  their  equilibrium 
greatly:  its  chief  effect  being  to  accentuate  the  processes  of  crystalli- 
zation already  in  force  and  to  increase  their  power  rather  than  to 
replace  them  by  others.  At  the  contact  itself,  the  granite  frequently 
contains  inclusions  of  the  schist,  which  have  usually  become  more 
coarsely  crystalline,  though  their  original  outline  is  still  well  pre- 
served. This  coastal  strip  exposed  along  Behm  Canal,  whose  contact 
with  the  granite  can  be  traced  only  with  difficulty,  offers,  therefore, 
an  excellent  example  of  the  metamorphic  changes  produced  by 
deeply  buried  granite. 

It  is  significant  that  in  these  deep-seated  schists  and  gneisses  near 
the  granite  contact  no  ore  bodies  of  consequence  have  been  found, 
while  rocks  farther  away  from  the  granite  and  nearer  the  surface 
during  its  invasion  in  many  localities  show  traces  of  contact  meta- 
morphism,  as  in  spotted  schists,  and  contain  valuable  metalliferous 
deposits.  The  folded  character  and  lack  of  uniform  structure  in  the 
strata  near  the  granite  contact  may  account  in  part  for  the  absence 
of  commercial  ore  deposits,  since  they  offer  no  lines  along  which  con- 
centration could  easily  take  place  as  in  the  isoclinal  schists  of  the 
Juneau  district  farther  north.  Within  the  granite  area  itself  are 
occasional  belts  of  included  sedimentary  rocks  in  a  highly  meta- 
morphosed condition.  They  vary  from  argillites  to  mica,  horn- 
blende, and  calcareous  schists  of  various  types,  even  marble,  and 
occur  in  long  bands,  intensely  folded.  They  still  preserve  in  general 
their  northwest  trend,  parallel  to  the  course  of  the  range,  and  their 
steep  northeasterly  dip  and  are  walled  in  by  great  mountain  masses 
of  intrusive  granite.  In  the  region  about  (ilacier  Bay  the  granite 
contains  numerous  inclusions  of  schists  arranged  irregularly  and 
showing  beyond  (|uesti()n  that  cleavage  had  been  superinduced  upon 
them  Ix'fore  the  gi-anit<*  intrusion.  From  general  structural  re- 
lations in  the  Juneau  district  Spencer"  has  concluded  that  the 
schistosity  and  steep  isoclinal  dip  to  the  northeast  characterized  the 
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schists  before  the  entrance  of  the  batholiths  and  controlled  at  the 
time  of  invasion  the  form  of  intrusion  by  offering  parallel  lines  of 
least  resistance  along  the  planes  of  schistosity.  So  far  as  the  writers' 
exi)erience  in  the  Juneau  district  goes,  this  conclusion  is  justified  by 
the  facts  and  is  further  strengthened  by  the  exposures  in  Glacier 

Bay. 

The  included  schist  belts  within  the  Coast  Range  are  usually  not 
wide,  and  more  appear  near  the  mountain  tops  than  at  sea  level.  They 
can  l)e  traced  up  the  exposed  cliffs  and  bare  mountain  sides  for  4,000 
to  0,000  feet.  They  are  usually  intensely  mineralized  with  sulphides, 
especially  pyrite,  and  near  the  mountain  crests  show  abundant  evi- 
dence of  contact  metamorphism,  formation  of  garnet iferous  rocks, 
etc.  These  roof  pendants,  as  R.  A.  Daly*  has  aptly  named  them, 
were  directly  above  the  intrusive  mass  and  were  evidently  in  the  most 
favorable  position  to  be  affected  by  magmatic  waters  and  heat  escap- 
ing from  the  intrusives,  so  that  they  now  are  the  most  heavily  miner- 
alized l)odies. 

The  character  of  the  invaded  sedimentaries  east  of  the  inland  bor- 
der of  the  granite  is  noticeably  different.  The  slates  and  sandstones 
are  less  altered  and  typical  schists  and  sandstones  are  rare.  Folding 
and  particularly  faulting  are  common  and  characteristic  of  the  entire 
complex  (PI.  VIII,  A).'  The  granite  contact  line  is  sharp  and  fre- 
quently traverses  the  bedding  planes  of  the  intruded  strata.  Although 
its  general  trend  is  parallel  to  the  Coast  Range,  the  actual  line  of  con- 
tact exposed  in  the  Unuk  River  section  undulates  locally  and  cross- 
cuts the  strata  at  variable  angles.  The  intruded  rocks  are  often 
indurated  and  heavily  mineralized  with  sulphides  near  the  contact 
and  show  evidence  of  metamori)hism  by  the  intrusives. 

By  comparing  the  metamorphic  effects  of  the  intrusive  granite 
along  its  western  and  eastern  flanks  in  the  latitude  of  the  Ketchikan 
district  decided  differences  are  ai>parent.  On  the  coastal  side  the 
metamorphism  near  the  contact  is  usualh'  of  the  deep-seated  type; 
gneisses  and  schists  predominate  and  are  cut  by  inmimerable  pegma- 
tite dikes  ramifying  from  the  granite.  Mineralization  by  sulphides 
is  not  pronounced  near  the  contact.  Farther  west,  at  some  distance 
from  the  contact,  evidences  of  contact  metamorphism  increase,  the 
degree  of  mineralization  also  increases,  and  valuable  ore  bodies  have 
l>een  discovered  within  this  zone  in  the  Ketchikan  district.  Along 
the  ea.stem  border  of  the  granite,  on  th<»  other  hand,  the  metamori)h- 
ism  is  of  the  contact  type,  argillites  and  slates  predominate  and  are 
often  indurated  and  heavily  im|)regnated  with  sulphides.  Well- 
defined  ore  bodies  have  been  found  iwixr  t\w  granite  contact.  The 
geologic  interpretation  of  these  data  in<licates  clearly  that  the  rock^ 
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east  of  the  massifs  were  less  deeply  buried  at  the  time  of  intrusion 
than  those  on  the  coastal  side.  In  other  words,  the  inland  rocks  were 
then  above  the  zone  of  deep-seated  metamorphism  or  rock  flowage, 
and  were,  therefore,  profoundly  affected  by  the  invading  intrusives 
and  accompanying  pnenmatolytic  solutions.  Furthermore,  the  min- 
eral-bearing solutions  emanating  from  the  granite  encountered  new 
conditions  of  temperature  and  pressure  on  entering  tlie  adjacent  sedi- 
mentary rocks  and  deposited,  as  supersaturated  solutions  in  their  new 
environment,  a  portion  of  their  dissolved  contents,  especially  the 
metallic  sulphides  and  silicates. 

Although  in  such  a  large  belt  the  phenomena  of  contact  meta- 
morphism are  hot  so  pronounced  and  concentrated  as  in  the  contact 
aureole  of  a  small  intrusive  lx)ss,  they  are  ei|ually  as  varied,  though 
more  extensive  and  on  a  larger  scale.  It  has  frequently  been  observed 
that  in  a  small  contact  aureole  different  contact  minerals  occur  at  dif- 
ferent distances  from  the  intrusive  mass,  and  that  under  similar 
conditions  an  evident  relation  exists  betw^een  a  given  contact  min- 
eral and  its  distance  from  tlie  invading  rocks;  and  in  a  general  way 
this  hiw  apparently  holds  true  for  this  eastern  contact  zone  of  min- 
eralized sedimentary  rocks. 

DIKE    UO(?KH    AM)    MINKBALIZATION. 

Th(»  various  dike  rocks  which  accompany  and  intrude  the  Coast 
Range  batholitlis  may  be  arranged  in  two  groups,  the  first  containing 
the  pegmatites,  aplites,  alaskites,  granite  porphyries,  and  allied  rocks, 
and  the  second  containing  the  lampropliyres  of  several  types,  dia- 
bases, and  other  basic  intrusives.  Although  interesting  from  a  petro- 
gnii)hic  standpoint,  these  rocks  have  little  connnercial  value  and, 
with  tlie  exce[)ti()n  of  the  pegmatites  and  aplites,  are  not  of  great  im- 
portance (PI.  VIII, //). 

The  pegmatites  are  not  of  the  usual  type,  their  feldspars  l)eing 
ahnost  invariably  oligoclase  and  not  orthoclase  or  microcline.  They 
are  usually  pure  white  and  coarse  grained  and  do  not  contain  acces- 
sory constituents  in  abundance.  In  the  central  i)arts  of  the  Coast 
Kan^e  the  pegmatites  and,  in  fact,  all  dike  rocks  are  rare,  but  along 
tin'  western  margin  and  adjacent  s(Mlimentary  rocks  hardly  a  cubic 
meter  of  country  rock  is  visible  which  is  not  pervaded  by  them.  As 
noted  previously,  the  pegnuitites  are  not  all  of  the  same  age,  but 
liav(*  been  formed  at  different  periods,  the  older  dikes  following 
definite  jointings  and  fracture  j)Ianes  in  the  country  rocks.  The  oc- 
currence of  these  innumerable  jiegniatites  along  the  margin  of  the 
Coast  Range  batholiths  is  a  significant  indicatiim  of  the  immense 
quantities  of  i)nenmatolytic  solutions  given  off  by  the  invading  crys- 
tallizing magmas.     In  the  region  of  most   intense  development  of 
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I>eginatites,  as  in  the  Behni  (^anal  area,  the  amount  of  ore  deposition 
was  slight  and  no  ore  Ixnlies  of  importance  have  been  discovered. 

P^'arther  away  from  the  granitic  intrusion  magniatie  sohitions  given 
off  by  these  igneous  masses  encountered  conditions  more  favorable 
to  the  precipitation  of  the  metallic  sulphides  carried  in  solution  and 
dejK)sited  them  at  such  points.  As  a  result  the  argillites  and  slates 
a  few  miles  west  of  Behm  Canal,  as  on  Cleveland  Peninsula  and 
Revillagigedo  Island,  are  very  heavily  impregnated  with  sulphides, 
especially  cubes  of  pyrite.  The  total  amount  of  sulphides  in  these 
nx*ks  is  enormous  and  would  be  difficult  to  explain  otherwise  than 
as  due  to  the  influence  of  the  Coast  Range  intrusives.  An  unfavor- 
able result  of  this  widespread  mineralization  has  lx;en  to  disseminate 
the  values  over  large  areas  and  to  render  the  whole  of  little  com- 
mercial importance.  In  certain  instances,  however,  sufficiently  in- 
tense concentration  has  taken  place  within  small  areas  and  produced 
commercial  values. 

As  further  evidence  of  the  important  part  played  by  the  Coast 
Range  intrusives,  it  may  \ye  cited  that  the  ore  deposits  are  apparently 
all  later  than  these  intrusives;  that  occasionally  the  pegmatite  dikes 
in  this  area  pass  gradually  into  quartz  veins,  and  that  the  evidences 
of  contact  metamorphism  and  the  development  of  contact  minerals 
such  as  staurolite  and  andalusite  are  not  rare  in  the  heavily  mineral- 
ized rock  belts.  Nearer  the  Coast  Range  the  rocks  now  exposed  were 
at  the  time  of  intrusion  deeply  buried  and  therefore  extremely  hot 
and  under  considerable  j)ressure.  The  solutions,  escaping  from  the 
granite  and  entering  this  complex,  encountered  conditions  not  gi*eatly 
unlike  those  within  the  crystallizing  granite  itself,  and  sulphide 
deposition  was  slight.  On  reaching  the  zone  of  less  pressure  and 
colder  rock  formations,  however,  the  ascending  solutions  met  with 
new  conditions,  favorable  to  the  precipitation  of  sulphides  and  min- 
enils  closely  allied  to  those  of  ordinary  contact  metamorphism,  where 
heat  and  magmatic  solutions  are  the  prime  agents  of  metamorphism. 

OTHER  INTRrSlVES. 

Dikes  of  diabase,  porphyrite,  and  felsite  are  connnon  throughout 
the  region  and  cut  all  of  the  older  rock  strata.  Some  of  these  have 
been  indicated  on  the  geologic  map.  The  importance  of  theses  rocks. 
however,  is  relatively  small  when  comj)ared  with  the  Coast  Range 
intrusives  and  their  accompanying  dike  rocks  which  have  already 
l)een  discussed.  For  the  most  part  these  dikes  may  bo  considered  as 
the  intrusive  forms  of  the  greenstones,  andesit(»s,  and  l)asaltic  lavas, 
described  in  the  following  pages.  Diabase,  which  is  the  most  widely 
distriljuted  dike  rock  in  the  region,  occurs  cutting  the  ore  bodies 
in  many  places.    It  usually  has  a  fine-grained  ophitic  texture,  is  dark 
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green,  and  consists  essentially  of  altered  plagioclase  feldspar,  to- 
gether with  hasaltic  hornblende  largely  altered  to  uralite.  Both  mag- 
netite and  pyritc  are  generally  present  in  disseminated  grains.  The 
porphyrites,  which  may  be  regarded  as  the  dike  rocks  of  the  ande- 
sitic  lavas,  are  characterized  by  their  porphyritic  texture,  by  their 
light-green  color,  and  by  large  plagioclase  feldspar  phenocrysts  con- 
tained in  a  finely  crystalline  groundmass.  These  dikes,  though  less 
common  than  those  of  diabase,  are  also  of  more  recent  intrusion  than 
the  ore  deposits.  These  dikes  are  numerous  along  the  shore 
exposures  where  they  cut  the  Paleozoic  strata  and  the  granitic 
intrusives. 

Dikes  of  felsite  have  been  noted  in  only  a  few  places,  principally 
on  Kasaan  Peninsula,  where  they  are  associated  with  the  copper 
deposits.  They  are  usually  brownish  and  finely  crystalline,  and  are 
composed  essentially  of  feldspar,  many  crystals  of  which  form  large 
phenocrysts.  They  were  evidently  of  later  intrusion  than  the  ore 
deposits,  though  ore  was  contained  in  them  in  places.  Narrow  dikes 
of  basalt  were  observed  on  Kasaan  Peninsula  and  at  other  localities. 
They  are  usually  black,  finely  crystalline,  and  porphyritic,  and  vary 
widely  in  comi>osition.  The  basalts  are  the  most  recent  intrusive 
rocks. 

EXTRUSIVES. 

GREENSTONES. 

The  upper  Carboniferous  extrusives  mentioned  in  the  foregoing 
pages  are  represented  essentially  by  tuffaceous  strata  and  lava  flows, 
which  have  been  generally  metamorphosed  and  rendered  schistose, 
their  original  mineral  constituents  having  been  replaced  to  large  ex- 
tent by  secondary  products.  Because  of  this  alteration  the  former 
character  of  the  rock  has  in  most  places  been  obliterated,  but  else- 
where their  texture  and  mineral  content  mark  them  as  igneous  rocks. 
The  interstratification  and  the  intermingling  of  the  igneous  material 
with  the  blaclc  slates  indicate  that  most  of  the  igneous  material,  com- 
pos(»d  of  tuffs  and  some  agglomerates,  resulted  from  volcanic  out- 
bursts.    Lava  flows  also  occur,  but  are  less  frequent. 

The  term  greenstone,  which  is  a  convenient  field  name,  has  l)een 
applied  to  the  rocks  of  this  type,  both  schistose  and  massive,  and 
includes  the  intrusive  as  well  as  the  extrusive  forms.  They  are  all 
intensely  metani()rj)hosed,  have  a  greenish  cast,  and  range  in  composi- 
tion from  altered  andesites  and  andesitic  tulffs  to  basalts  and  altered 
gabbros. 

On  Cleveland  Peninsula  and  in  the  neighborhood  of  Ketchikan, 
the  greenstones  are  roughly  bedded  and  conform  to  the  general  struc- 
ture of  the  neighboring  formations.  A  close  study  reveals  layers 
Jurying  in  composition  and  coarseness  of^crystallization,  and  a  few 
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Ijeds  of  amygdaloidal  structure,  showing  the  original  vesicular  na- 
ture of  the  rock.  Angular  breccias  also  occur  containing  fragments 
of  greenstone  material.  All  these  features  are  such  as  would  be 
caused  by  a  succession  of  volcanic  flows  and  outbursts,  and  their  igne- 
ous origin  is  thus  well  established. 

In  the  ma&sive  flows  are  numerous  phenocrysts  of  pyroxene,  usu- 
ally less  altered  than  the  groundmass,  which  is  always  so  decomposed 
that  in  many  places  the  original  nature  of  the  rock  can  not  be  defi- 
nitely determined.  Wherever  it  is  less  altered  and  the  original 
texture  is  still  apparent,  considerable  amounts  of  plagioclase  feld- 
spar and  augite  phenocrysts  are  j)iesent  and  the  lavas  have  the  typi- 
cal features  of  altered  andesites.  By  processes  of  metamorphism  the 
augite  and  plagioclase  components  of  tJie  original  rock  have  been 
obliterated  and  replaced  by  green  amphibole,  biotite,  chlorite,  sericite, 
feldspar,  epidote,  zoisite,  calcite,  (juartz,  and  other  secondary  min- 
erals. The  beds  of  tuff  and  agglomerate  are  usually  intermixed  with 
much  sedimentary  material  and  gradations  to  purely  sedimentary 
l>eds  may  often  be  observed.  Because  of  subsequent  alteration  the 
original  clastic  texture  of  the  tuffs  is  rarely  apparent. 

In  their  most  altered  form  the  greenstone  schists  are  fine  grained 
and  composed  largely  of  chlorite,  calcite,  and  secondary  hornWende 
giving  the  rocks  a  dark -green  color.  These  schists,  where  permeated 
by  mineral-bearing  waters,  contain  considerable  amounts  of  pyrite, 
and  in  several  places  have  been  bleached  to  a  light  yellow,  as  may  be 
seen  on  Gravina  Island  and  Cleveland  Peninsula. 

As  shown  on  the  general  geologic  map,  the  greenstones  are  dis- 
tributed along  the  mainland  belt  including  (iravina  Island,  Cleve- 
land Peninsula,  and  Duncan  Canal;  they  are  also  well  developed 
along  the  shores  of  Iletta  Inlet  and  on  Shukwan  Island.  The  green- 
stones are  irregularly  involved  with  the  Carboniferous  slates,  lime- 
stones, (juartzites,  and  schists,  having  been  folded  and  compressed 
with  them,  and  are  considered  to  he  essentially  of  the  same  age. 

ANDKSITKS. 

The  extrusive  rocks  provisionally  referred  to  the  Jura-Cretaceous 
period  are  made  up  of  lavas  and  tuffs  like  those  of  the  uppei'  Carbon- 
iferous. These  extrusives  include  altered  andesites,  hoinblende  por- 
phyrites,  quartz  porphyrites,  and  basalt  tuffs.  With  these  extrusives 
are  included  fragmental  or  clastic  rocks  composcul  of  volcanic  tuffs, 
sandstones,  and  conglomerates.  As  a  whole  the  lavas  are  less  prom- 
inent than  the  clastic  rocks.  They  occur  intercalated  with  the  sedi- 
mentary slates  and  sandstones  or  graywackes.  The  original  char- 
acter and  manner  of  deposition  of  extrusives  must  have  l)een  very 
similar  to  that  of  the  older  greenstones.     They  are.  however,  readily 
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distinguished  from  the  gi'eenstones  by  the  difference  in  composition 
and  texture  and  their  dominant  reddish  color.  There  is  also  a  dif- 
ference in  the  amount  of  apparent  metamorphism  of  the  extrusives 
of  the  two  eras.  The  lava  and  tuff  beds  of  Mesozoic  age  have  not 
l)een  changed  to  chlorite  or  talcose  schists  and  do  not  show  the  de- 
gree of  alteration  that  is  characteristic  of  the  older  greenstones.  As 
indicated  on  the  accompanying  map,  the  andesites  occupy  irregular 
areas  on  the  south  end  and  along  the  west  coast  of  Prince  of  Wales 
Island,  but  are  not  known  to  occur  in  other  portions  of  the  Ketchi- 
kan or  Wrangell  districts. 


The  Eocene  period  is  also  characterized  by  the  extrusion  of  enor- 
mous (juantities  of  basaltic  lavas  and  tuffs.  The  lava  beds  have 
l)een  but  little  disturbed  since  their  extrusion  and  show  little  or  no 
alteration.  Had  they  been  folded,  compressed,  and  subjected  for  a 
long  geologic  i)eriod  to  the  slowly  operating  chemical  and  physical 
agencies  whii'h  altered  the  volcanic  rocks  of  Paleozoic  and  Mesozoic 
age,  they  would  undoubtedly  resemble  the  latter  closely  in  general 
character. 

The  Eocene  basalts  are  jwrphyritic  rocks  ranging  in  color  from 
gray  green  to  gray  black  and  in  composition  and  texture  from  basic 
andesite  to  a  normal  basalt.  Porphyritic  textures  are  usual,  but  other 
textural  phases  have  been  developed  locally.  Amygdaloidal  struc- 
ture, with  fillings  of  quartz,  chalce<lony,  calcite,  and  a  zeolite  which 
is  [jrobably  stilbite,  is  (characteristic  of  some  beds. 

They  are  mostly  dark,  fine-grained  lavas,  the  only  mineral  compo- 
nent visible  to  the  unaided  eye  being  phenocrysts  of  plagioclase  and 
oiTasionally  pyroxene.  The  microscope  further  reveals  magnetite 
and  rarely  olivine  and  quartz,  also  a  brown  zeolitized  glass  in  sev- 
eral of  the  thin  sections.  Alternation  products  are  calcite,  epido- 
tite.  muscovite,  chlorite,  and  serpentine.  Many  phenocrysts  of  feld- 
spar show  marked  zonal  structure  and  gi'ade  in  composition  from 
a(;idic  and(»site  to  basic  labradorite.  In  the  groundmass  the  plagio- 
clase is  usually  more  acidic.  The  feldspars  occur  in  larger  amounts 
than  the  pyroxene. 

These  extrusives,  as  indicate<l  on  the  geologic  map,  occupy  wide 
areas  on  Kuiu  an<l  Kiij)rean()f  islands.  The  beds  are  almost  flat 
lying,  being  tilted  at  low  angles  in  places.  Colunmar  structure  is 
a  characterislic  feature  and  they  may  be  distinguished  from  other 
rocks  of  the  region  by  their  usual  red  surface  weathering. 

Interstratified  among  the  lowest  beds  of  this  successicm  are  strata 
of  rhyolite  tuff,  breccia,  lava  conglomerates,  and  sandstones.  At  Port 
("amden,  on  Kuiu  Island,  naiTow  seams  of  coal  interstratified  with 
lavas  and  sandstone*  contained    fossil    j)lant    leaves,   which  are  C(m- 
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sidered  by  paleol>otanists  to  l)e  of  Kenai  age  (upi>er  Eocene).     These 
volcanics  overlie  the  Kenai  coal-bearing  Ix^ds. 

Basaltic  lavas  of  postglacial  age  occupy  small  areas  at  various 
points  along  the  mainland  and  on  Revillagigedo  Island.  They  lie  in 
nearly  horizontal  beds  on  the  upturned  schists  and  granitic  rocks. 
The  massive  lava  dominates,  but  narrow  l)eds  of  tuffaceous  material 
or  ash  were  also  observed.  These  flows  corix*spond  to  the  lavas  on 
Kruzof  Island  in  the  Sitka  district  to  (he  nortliwest. 

OUTLINE  OF  GEOLOGIC  HISTORY. 

The  data  set  forth  in  the  preceding  pages  are  inadequate  for  (he 
presentation  of  a  complete  accoun(  of  the  sequence  of  events  in  the 
Ketchikan  and  Wrangell  districts.  In  the  course  of  the  field  work, 
however,  many  facts  in  reference  to  stratigraphic  succession  and 
structure  have  been  Ql)tained,  which  will  1h»  fully  used  in  later  re- 
ports on  this  general  region.  Though  the  stra(igi*aphy  has  not  In^en 
worked  out  in  detail,  it  does  not  on  the  whole  appear  to  be  com- 
plex except  along  the  boundaries  of  the  Coast  Range  granitic  in- 
trusions, where  considerable  metamorphism  and  local  disturbances 
of  strata  have  taken  place. 

In  this  province  the  sedimentary  record  begins  with  the  deposi- 
tion of  a  series  of  fragmental  rocks,  now  re|)resented  by  banded 
quartzitc,  sandstone,  a  few  IkmIs  of  conglomerate,  and  some  tuiTa- 
ceous  material.  These  clastic  rocks  grade  upward  into  calcareous 
l)eils  and  into  limestone  containing  Silurian  fauna.  Though  the 
age  of  the  earliest  sediments  has  not  been  determined,  they  are  be- 
lieved to  be  mostly  Silurian,  as  they  are  succee<le(l  with  aj)parent 
conformity  by  limestones  of  that  age.  However,  since  tlieir  thick- 
ness is  estimated  at  10,0()0  feet  or  more,  it  is  possible  that  their 
deposition  began  in  an  earlier  perio*!.  At  all  events  this  record 
shows  that  sedimentation  was  probably  continuous  during  early 
Silurian  time,  that  clastic  rocks  of  great  thickness  were  deposited, 
and  that  there  was  then  a  gradual  deej)ening  of  the  s(»a  so  that  sev- 
eral thousand  feet  of  limestone  strata  were  laid  down.  After  the 
deposition  of  this  Silurian  limestone  a  |)eriod  of  earth  movement  pos- 
sibly intervene<l,  during  which  the  nx'ks  were  in(lunite<l  and  more 
or  less  folded.     Of  jhis  fact,  however,  there  is  no  <l(»linite  j)roof. 

The  oldest  member  of  the  Devonian  is  a  succession  of  conglom- 
erate and  sandstone  beds,  com|)osed  largely  of  igneous  material, 
which  in  most  places  appear  to  be  less  altered  than  the  Silurian  lime- 
.stones  and  underlying  clastic  rm'ks.  The  |)ebbles  of  the  conglom- 
erate are  embedded  in  a  tuffaceous  matrix  and  were  chiefly  dt^rived 
from  the  older  bande<l  (juartzite  and  limestone  strata.  This  series, 
wliich  is  estimated  to  Ik*  H,(K)()  feet  thick,  gra<les  ui)ward  with  ap- 
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parent  conformity  into  the  lower  Devonian  limestones.  These  calca- 
reous beds  aie  nearly  '2,0(10  feet  thick  and  their  period  of  deposition 
probably  extended  well  up  into  middle  Devonian.  In  other  parts  of 
the  region  the  middle  Devonian  is  represented  by  argillaceous  schists 
and  slaty  limestones,  but  the  relations  between  these  and  the  early 
Devonian  limestones  are  not  known.  After  deposition  of  the  slaty 
limestones  and  argillites  and  apparently  conformable  with  them  a 
limestone  of  considerable  thickness  was  laid  down  in  upper  Devonian 
lime.  This  later  limestone,  though  highly  crystalline  and  folded  in 
places,  does  not  generally  show  the  intensity  of  dynamic  action  which 
characterizes  the  older  limestones.  At  the  close  of  the  Devonian 
volcanic  activity  began  along  this  coastal  belt,  and  lavas  were  poured 
out  and  tuffs  laid  dowu  to  an  estimated  thickness  of  about  800  feet. 
These  volcanics  were  not  observed  in  the  Ketchikan  and  Wrangell 
districts  but  are  prominent  on  Chichagof  Island  to  the  north,  where 
they  overlie  and  are  interst ratified  with  the  upper  Devonian  lime- 
stone beds,  indicating  that  their  extrusions  were  submarine.  The 
evidence  from  adjacent  provinces,  notably  in  the  Yukon  basin, 
tends  to  show  that  this  epoch  of  volcanism  was  widespread.  The 
so-called  Rampait  series  of  the  Yukon  appears  to  belong  to  the  same 
general  epoch  as  the  upper  Devonian  of  southeastern  Alaska.  Vol- 
canic activity  apparently  ceased  toward  the  end  of  the  Devonian. 

The  lower  Carboniferous  period  seems  to  have  been  inaugurated 
by  the  deposition  of  gray  limestone  beds  1,500  feet  or  more  in  thick- 
ness, and^  though  the  relations  between  these  beds  and  the  under- 
lying volcanics  were  not  definitely  determined,  it  is  probable  that 
deep-sea  conditions  continued  from  upper  Devonian  into  early  Car- 
boniferous time.  An  unconformity  between  the  lower  and  the  upper 
Carboniferous  is  suggested  by  the  occurrence  of  argillites,  sandstones, 
and  conglomerates  having  a  thickness  of  "200  feet  or  more.  On  Kniu 
Island  these  underlie  conformably  (>00  f(»et  of  clearly  exposed  upper 
Carboniferous  limestone,  which  is  broadly  folded  and  shows  compara- 
tively little  metamorj)hism.  Along  the  maLnland  the  corresponding 
limestcme  beds  are  interstratified  with  argillites  and  crystalline  schists 
jHid  are  closely  folded  and  highly  metamorphosed.  Argillites  were 
extensively  laid  down  at  the  close  of  the  Carboniferous.  A  period  of 
volcanic  activity  ensued  resembling  that  at  the  end  of  the  Devonian, 
hut  of  much  longer  duration.  The  beds  of  lava  and  ash  ejected 
fiom  the  volcanic  vents  were  contemporaneous  with  the  slate  beds, 
juid  because  of  their  intimate  association  with  the  sediments  the  vol- 
canics are  regarded  as  submarine  extrusives.  They  are  now  repre- 
sented by  the  altered  massive  greenstones  and  greenstone  schists, 
which  are  widely  exposed  throughout  the  region,  and  together  with 
the  interstratified  slate  beds  have  a  thickness  estimated  at  about  4,000 
feet. 
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The  se<juence  of  ^olo^ic  events  during  the  Mesozoic  period  is  not 
clearly  defined  l>ec*ausi»  of  the  lark  of  paleontologic  and  structural 
evidence  and  because  of  the  great  orogenic  changes  which  took  place 
during  this  era.  During  early  Mesozoic  time  the  bedded  rocks  suf- 
fered intense  metamorphism  and  recrystallization,  resulting  in  the 
conversion  of  the  sedimentary  strata  to  sc»hists  and  slates  and  in  the 
alteration  of  the  volcanic  rocks  to  amphibole  schists  and  chloriti(* 
greenstones.  At  the  same  time  the  heels  were  highly  tilted  and  in- 
tricately folded,  the  direction  of  the  axes  of  folding  being  generally 
southeast-northwest.  These*  changes  are  exemplified  more  clearly 
in  the  rock  beds  flanking  the  Coast  Range  than  in  the  sedimentaries 
composing  the  outer  islands.  Though  early  Mesozoic  rocks  have  not 
lieen  recognized,  it  is  probable,  as  suggested  by  Brooks."  that  Triassic 
beds  are  infolded  with  these  older  metimiorphosed  sediments.  The 
large  development  of  the  Triassic  deposits  to  the  south  in  British 
Columbia  points  to  the  same  surmise.  The  only  evidence  that  the 
Triassic  is  represented  in  this  region  is  that  a  group  of  fossils  found 
in  a  piece  of  limestone  float  were  determined  to  be  Triassic. 

During  Mesozoic  time,  the  most  imi)ortant  event  in  this  district 
was  the  intnision  of  the  great  batholiths  of  the  Coast  Range.  A 
study  of  the  section  across  the  axial  mass  of  the  Coast  Range  itself 
sliows  that  the  mass  is  not  a  simple  batholith,  but  is  made  up  of 
successive  intrusions  along  the  same  general  line  of  weakness  in  the 
earth's  crust.  On  the  outlying  islands  granitic  masses,  which  are 
niuch  altered  and  contain  many  shearing  planes,  are  invaded  by 
granitic  intrusives  only  slightly  altered,  which  in  turn  are  intruded 
%  pegmatitic  dikes  and  masses.  Between  these  successive  intrusions 
«>n.siderable  time  probably  elapsed.  The  main  folding  and  tilting 
^f  the  l)edded  n)cks  referred  to  above  probably  preceded  the  actual 
Hivasion  of  the  grano<lioritic  rocks,  as  suggested  by  A.  C.  Spencer.'' 
This  is  based  on  the  fact  that  their  lines  of  intrusion  are  in  a  broad 
^ay  parallel  to  the  bedding  [)lanes  and  schistosity  of  these  older 
^^ks,  also  on  the  fact  that  a  few  inclusions  of  schist  fragments  oc(!ur 
Within  the  intrusive  massif.  In  order  to  control  thus  effectively  the 
lines  of  intrusion  of  the  granodiorites.  the  invaded  sedimentaries 
liust  have  been  highly  tilted  previous  to  the  time  of  igneous  intru- 
sions. 

From  observations  made  in  southeastern  Alaska  and  elsewhere  it  is 
evident  that  the  geologic  processes  which  combined  to  i)r()(luce  these 
^ast  intrusions  and  structural  j)henomeiui  a(!ted  veiy  slowly  and  ovei* 
'f>nf^ IHjriods  of  time.  Though  the  Coast  Range  intrusion  is  generally 
considered  as  having  occurred  at  one  period,  which  is  undoubtedly 
true  for  limited  areas,  it  is  probable  that  in  south(»astern  Alaska  at 

•RrwikK.  A.  n.,  Kotchlkan  minini:  dislrht  :    Tiuf.  Papor  V.  S.  (J.m.I.  Smvy  No.   1.  1!M)L'. 
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least  consiilenibh*  time  i liter veiieil  between  the  first  granite  invasion 
and  final  solidification  of  the  hist  intrusive  masses.  Though  it  is  not 
possible  now  to  refer  thest*  granitic  intrusions  in  this  province  to  a 
definite  geologic  horizon  evidence  from  adjacent  provinces  indicates 
that  they  continued  at  least  to  late  middle  Jurassic  time.  These  in- 
vasions of  igneous  material  were  evidently  the- cause  of  the  vast 
amount  of  metamorphism  and  deformation  of  the  sedimentary  strata 
along  their  contacts.  It  is  also  probable  that  the  formation  of  many 
of  the  ore  deposits  occurred  just  after  these  igneous  invasions,  the 
intrusive  containing  the  material  for  the  ore.  The  transfer  of  igneous 
material  to  points  nearer  the  earth's  surface  naturally  produced 
strains  in  the  earth's  crust  which  found  relief  in  cracks  and  fissures 
and  along  lines  of  brecciation,  as  well  as  at  the  contacts  of  the  in- 
trusives.  The  lines  of  weakness  thus  formed  furnished  channels  of 
free  circulation  for  mineralizing  solutions,  which  are  Mieved  to  have 
l^^n  derived  for  the  most  part  from  the  igneous  masses  themselves 
and  to  ha\'e  been  given  off  during  the  process  of  solidification.** 

A  period  of  (»rosion  appears  to  have  followed  the  intrusion  of  the 
Mesozoic  granite,  and  later  another  epoch  of  volcanism  began.  The  vol- 
canic rocks  of  this  later  epoch  are  represented  by  tuffaceous  deposits  and 
lavas  occupying  considerable  areas  in  the  southern  and  western  parts  of 
IVince  of  Wales  Ishind,  where  they  lie  on  the  eroded  surface  of  the 
granite  and  are  followed  l)y  or  interstratified  with  deposits  of  clastic 
rock.  Thesi'  rocks  may  Im^  considered  ecpiivalent  in  a  general  way  to 
the  sediments  found  north  of  this  province  on  Admiralty  Island,  where 
banded  calcareous  slates  carrying  lower  Cretaceous  fossils  occur.^ 
Tlie  steeply  tilted  attitude  and  metamorphosed  condition  of  these 
volciinics  indicate  that  they  were  folded  after  their  deposition  aiid 
induration.  The  effect  of  the  forces  producing  these  structural 
phenomena  appears  not  to  have  lK»en  widespread,  as  it  did  not  modify 
to  any  great  extcMit  the  early  Mesozoic  folding  which  preceded  the  - 
intrusion  of  the  granite. 

After  the  deposition  and  folding  of  these  Mesozoic  strata  a  long 
period  of  (juiescence  appears  to  have  ensued  during  which  erosion 
probably  was  extensive.  In  late  Cretaceous  or  upper  Eocene  time 
sedimentation  took  place  in  local  l)asins.  These  beds  including  fine 
conglomerate  and  shales  with  some  lignite  were  subsequently  tilted 
and  faidted,  but  this  disturbance  was  apparently  local.  No  evidence 
of  marine  life  has  yet  been  found  in  them  and  it  is  possible  that  in 
this  section  of  Alsiska  they  were  fresh- water  accunudations.  They 
(K'cur  only  locally  near  si»a  level  and  in  low-lying  valleys  and  basins 
practically   inclosed   by   mountains  of  granite  and  older  metamor- 

"  The  orlKin  of  tin-  on-  d('p«»sil  Is  niori"  fully  dlsonsscd  in  tlu'  foUowing  pages  under 
llu'  hi'adiiiK  <»f  *On*  d«'p<)sits." 

*•  Rtdl.  r.   S.  «;ool.   Siirvi-y   N«».  L'SV.   IJHM;,  p.   144. 
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phosed  rocks.  These  beds  represent  the  most  recent  sedinienturv 
formations  of  the  Wrangell  and  Ketchikan  districts  and  siibseiiuent 
to  their  deposition  wide  areas  of  land  were  flooded  by  basaltic  lavas 
which  poured  forth  through  fissures  in  enormous  volume.  These 
lava  flows  are  flat-lying  and  on  Kuiu  Island  attain  a  thickness  of 
over  1,500  feet.  They  were  probably  extruded  at  the  close  of  the 
Eocene. 

A  large  part  of  the  Tertiary  sediments  may  have  been  subsequently 
removed  by  erosion,  for  there  must  have  been  a  long  period  of 
quiescence  after  their  deposition  and  deformation.  The  next  impor- 
tant event  in  the  region  was  the  development  of  the  ice  sheet  which 
covered  the  entire  district  under  consideration.  Its  retreat  left  the 
topography  in  essentially  its  present  form.  After  the  retreat  of 
thft  ice  some  lava  sheets  were  locally  erupted. 

ORK  DEPOSITH. 

GENERAL  DISTRIBUTION  OF  MINERALIZATION. 

In  the  foregoing  pages  the  geography  and  geology  of  the  districts 
have  been  described,  especially  with  reference  to  their  bearing  on  the 
character  and  distribution  of  the  ore  deposits.  As  a  whole  the  Ketch- 
ikan and  Wrangell  districts  owe  their  present  economic  importance 
mainly  to  the  ores  of  copper,  the  occurrence  of  other  minerals  being 
commercially  of  minor  significance.  Gold  alone  is  mined  at  several 
places,  but  the  copper  ores  afford  a  more  important  source  of  gold. 
Deposits  of  silver-lead  ores  are  being  developed  in  both  districts,  but 

the  production  from  such  properties  has  been  small. 

♦ 

MIN'ERxVLIZATlON    IN    THE   COAST    KANOK    INTKl  SIVE    llKI/1     AM)    AI)JA(  KNT 

SCHISTS. 

Within  the  mainland  belt,  whicli  includes  the  eastern  portion  of 
Kevillagigedo  Island  in  the  Ketchikan  district,  mineralization  is 
scattered  both  in  the  granitic  intrusives  and  the  adjacent  scliists,  but 
mineralized  zones,  corresponding  to  those  in  the  Juneau  gold  belt  to 
the  north,  are  less  strongly  uiarked.  Quartz  veins  and  metallic  im- 
pregnations are  found  only  locally,  and  i)r()specting  has  revealed 
comparatively  few  valuable  ore  deposits  in  the  areas  covered  by  these 
rocks.  Explorations  have  been  confined,  however,  mainly  to  the 
shores  of  the  deep  narrow  fiords,  from  which  the  mountains  rise 
abruptly  to  high  altitudes.  Steep,  forest -covered  slopes  make  pros- 
pecting difficult  and  have  restricted  the  knowledge  of  the  greater  por- 
tion of  the  schist  belt  to  the  vicinity  of  salt  water.  The  ore  bodies 
thus  far  disclosed  have  been  developed  near  Smeaton  Bay  in  Rehm 
C'anal;  at  Sealevel,  on  the  northeast  side  of  Thorne  Arm:  and  near 
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the  head  of  Carroll  Inlet  in  the  Ketchikan  district.  For  the  most 
part  they  consist  of  simple  veins  in  fissures  and  lode  deposits  of  com- 
plex composition.  They  contain  only  moderate  values  in  gold.  In 
the  Wrangell  district  the  schists  and  argillites  near  the  Coast  Kaiige 
intrusives  are  less  highly  metamorphosed  than  those  to  the  south: 
moreover,  their  northwest  trend  and  northeast  dip  are  more  uniform. 
The  structural  relations  resemble  somewhat  closely  those  of  the  Ju- 
neau district  to  the  north,  where  distinct  belts  of  mineralization  liavo 
l)een  traced  for  many  miles.  In  the  Wrangell  district  such  a  belt 
has  been  observed  along  and  near  the  contact  of  the  Coast  Range 
granodiorite.  The  Groundhog  and  Glacier  Basin  groups  of  claims 
are  located  in  this  belt,  which  is  characterized  by  veins  rich  in  argen- 
tiferous galena.  Pn>spects  similarly  situated  with  respect  to  the 
granite  have  also  been  located  near  Thomas  Bay  in  this  district 

MINKKALIZATION    IN    THK    SLATE-(JREEN STONE    HELT. 

Ore  bodies  of  ccmsiderable  importance  have  l)een  developed  in 
the  slate-greenstone  belt,  which  borders  Tongass  Narrows,  includes 
the  western  portion  of  Cleveland  Peninsula,  and  extends  north- 
ward along  Duncan  Canal.  They  are  largely  lode  deposits  or  min- 
eralized bands,  within  which  the  greenstcme-schist  country  rock  has 
been  sheared  and  fissured  and  then  permeated  by  the  mineral-bear- 
ing sohitions.  In  these  mineralized  bands  or  lode  deposits  the  coun- 
try rock  has  a  bleached  aj)pearance  and  is  impregnated  with  small 
cubes  of  pyrite  and  other  sulphide  ores.  Locally  narrow  seams  of 
massive  sulphide  ore  are  found  and  native  gold  is  often  visible  in 
tlie  vein  (|uartz  or  as  thin  films  or  flakes  along  the  jointing  cracks 
and  slipping  planes.  Besides  gold  and  small  values  in  silver,  copjxr 
also  occurs  in  limited  amounts  in  some  of  the  deposits  of  these  rocks. 
The  ])rincii)al  lode  deposits  of  this  type  are  in  the  Goldstream  mine 
on  the  epst  side  of  Gravina  Island,  the  Old  Glory  mine  on  Cleveland 
Peninsula,  and  the  prospects  on  Portage  Mountain  at  the  head  of 
Duncan  Canal. 

Though  (juai-tz  veins  are  prominent  throughout  the  slate-green- 
stone belt,  some  of  which  show  particles  of  native  gold,  most  of  them 
are  too  small  or  the  gold  content  is  too  low  to  pay  for  mining. 
Veins  of  sufficient  size  to  be  mined  separately  have  Ijeen  located  at 
the  (iold  Standard  and  (lold  Mountain  groups  of  claims  on  Cleve- 
land Peninsula,  at  the  Iloadley  claims  3  miles  north  of  Ketchikan 
on  Hcvillagigodo  Island,  and  at  several  i)()ints  along  the  east  shore  of 
(iravina  Island  in  the  Ketchikan  district,  juid  on  Woewodski  Island 
in  the  Wrangell  district.  Gold  is  the  important  metal  of  these  vein 
deposits. 
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MINERALIZATION    ON    PRINCE   OF    WALES    ISLAND    AND   TIIK    SEAWARD 

ISLANDS. 

On  Prince  of  Wales  Island  the  regularity  of  the  rock  structure  is 
I<H'ally  interrupted  by  the  broad  and  irre^^dar  intrusive  areas  of 
•rranitic  rocks,  and  for  this  reason  the  ore  bodies  are  not  traceable 
along  definite  zones.  Mineralization  in  general  is  closely  related  to 
the  intrusive  rock  masses,  and  many  of  the  deposits  are  at  the  con- 
tacts of  the  intnisives,  or  in  their  vicinity. 

The  copper  ores  generally  favor  contact  aureoles  adjacent  to  the 
granodiorite  or  syenite  intrusives.  They  occur  as  hirge  lenticular 
bodies  and  as  veins  of  nearly  massive  sulphide  ore,  composed  of 
pyrite,  chalcopyrite,  magnetite,  and  pyrrhotite  in  a  matrix  of  garnet, 
quartz,  calcite,  and  other  gangue  minerals.  Such  deposits  are 
found  in  the  vicinity  of  Hetta  Inlet  and  on  Kasaan  Peninsula. 
Hodies  of  copper  ore  inclosed  in  a  gi'eenstone-schist  country  rock, 
both  in  the  form  of  lenticular  masses  and  as  veins,  (K»cur  at  Xiblack 
Anchorage,  the  head  of  North  Arm,  and  in  Iletta  Inlet.  Bornite 
and  chalcopyrite  occur  in  small  patches  disseminated  locally  in  the 
granitic  intrusives  and  are  being  explored  on  the  Goodro  claims  to 
the  northeast  of  Karta  Bay, 

On  Prince  of  Wales  Island  gold  occurrences  are  principally  con- 
fined to  the  limestones  and  phyllites  and  are  lx»ing  mined  in  the  vicin- 
ity of  HoUis,  on  Cholmondeley  Sound,  and  at  Dolomi.  At  these 
|>oints  the  gold  occurs  in  veins  of  quartz  and  in  lodes  following  lines 
of  brecciation  in  the  limestone.  It  is  commonly  present  in  the  native 
fonn  and  is  in  many  places  accompanied  by  considerable  amounts 
of  silver  and  copper.  The  principal  ore  minerals  are  pyrite,  galena, 
sphalerite,  and  tetrahedrite. 

Auriferous  veins  in  the  gi*anitic  intrusives  have  been  located  and 
|>artially  developed  on  Granite  Mountain  to  the  west  of  Karta  Bay, 
at  several  points  in  the  vicinity  of  Shakan,  and  at  llatz  Harbor  in 
Clarence  Straits.  These  instances  emphasize*  the  fact  that  the  gran- 
itic areas  are  not  always  barren  of  ore,  as  is  often  presumed. 

Ores  of  silver,  lead,  and  zinc  have  been  ob:*rved  at  several  hxal- 
ities  on  Prince  of  Wales  Island,  though  the  only  deposit  being  de- 
veloped is  on  the  Moonshine  claim,  in  diolmondeley  Sound.  At  this 
place  the  ore  occurs  in  a  well-defined  vein  traversing  the  limestone 
and  greenstone  schist  country  rock. 

On  Dall  Island,  southwest  of  Prince  of  Wales  Island,  auriferous 
quartz  veins  and  belts  of  schists  impregnated  with  gold-bearing  sul- 
phides have  been  partially  devel()i)e(l  at  Dakoo  Harbor,  2  miles  north 
of  Cape  Muzon.  Deposits  of  chalcojwrite  ore  are  being  investigated 
near  Sea  Otto  Harbor,  on  the  west  side  of  the  island.  At  Mount 
Vesta,  on  the  east  side,  veinlets  of  tetrah(»drite  and  galena  ore  (Hvur- 
ring  in  a  limestone  l^elt  were  ol)served. 
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On  Baker  Island,  north  of  Dall  Island,  (|uartz  veins  in  a  granitic 
intrusive  belt  have  been  prospected  to  a  large  extent,  but  with  little 
success.  Ghalcopyrite,  associated  with  pyrrhotite,  has  been  discov- 
ered at  the  granitic  contact  on  the  north  end  of  Noyes  Island,  but  is 
yet  to  be  developed. 

The  deposits  on  Coronation  Island,  which  have  incited  considerable 
mining  interest  the  last  few  years,  are  replacement  deposits  of  galena 
ore  in  limestone.  They  are  irregular  in  occurrence  and  not  of  gi^eat 
extent.  Granite  intrusives  were  observed  in  the  vicinity  and  the 
deposits  are  probably  genetically  related  to  them. 

On  Kuiu  Island,  the  second  largest  island  in  the  Wrangell  district, 
metalliferous  deposits  have  not  been  found.  This  may  be  attributed 
to  the  absence  of  intrusive  rocks  on  the  island,  only  one  small  area,  at 
Washington  Harbor,  having  been  observed. 

PRINCIPAL   CHARACTERISTICS   OF    ORE   DEPOSITS. 
GENERAL   STATEMENT. 

In  the  Ketchikan  and  Wrangell  districts  four  general  tyj)es  of  ore 
deiM)sits  have  been  recognized,  vein  deposits,  breccia  veins,  lode  de- 
posits, and  contact  deposits,  the  latter  being  of  greatest  importance. 
Deposits  of  a  character  intermediate  between  these  general  classes 
also  occur  and  their  peculiar  features  are  discussed  in  the  detailed 
descriptions.  The  distinctive  characteristics  of  the  different  miner- 
als contained  in  the  ore  deposits  are  considered  separately  under 
*'  Character  of  minerals.'"  Placer  deposits,  from  which  the  greatest 
percentage  of  gold  is  derived,  have  not  been  developed  in  this  section 
of  Alaska. 

VEIN    DEPOSITS. 

The  term  "  vein  deposit "  is  here  applied  to  any  mineral  mass  or 
aggi'egate  occupying  a  fissure  or  fracture  in  the  rocks.  In  this  ih?- 
gion  they  are  usually  made  up  of  auriferous  quartz  and  calcite,  with 
a  small  percentage  of  metallic  sulphides,  but  veins  of  nearly  massive 
sulphide  ore  rich  in  copper,  or  in  some  instances  containing  lead  and 
silver,  are  also  present.  The  vein  deposits  occur  in  practically  all 
of  the  older  rocks  of  the  district,  including  tlie  intrusives,  but  are 
rardy  found  in  late  Mesozoic  rocks  and  have  never  been  observed 
in  the  Tertiary  sedinientaries  or  eruptives.  Thes(»  fissures  were  pri- 
marily due  to  strains  in  the  eartlrs  crust,  which  may  be  ascribed  to 
earth  tnovemonts  at  present  but  imperfectly  understood.  These 
cavities  were  natural  conduits  for  the  circulation  of  mineralizing  solu- 
tions, which  contained  large  amounts  of 'quartz,  lime  carbonate,  metal- 
lic sulphides,  and  other  minerals.  The  sohitions  were  probably 
heated,  and  as  they  ascended  through  tlie  fissures  the  conditions  of 
solution  changed  and  the  contained  minerals  were  deposited,  thus 
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forming  the  veins.  The  origin  of  the  mineral  sohitions  is  specula- 
tive, but  the  intrusive  rock  masses  are  probably  the  source,  because 
there  is  no  evidence  of  mineral  deposits  formed  previous  to  their 
invasion,  or  in  the  subsequent  rock  formations. 

In  their  form  and  mode  of  occurrence  the  veins  exhibit  much. irregu- 
larity. Those  that  traverse  the  foliation  of  the  schistose  country 
rock  obliquely  are  in  many  places  more  strongly  developed  and 
tetter  defined  than  those  that  parallel  the  rock  structure.  They  vary 
in  width  from  a  few  inches  to  10  feet  or  more,  and  are  usually  less 
tha«  a  thousand  feet  in  horizontal  extent,  though  a  few  veins  are 
several  thousand  feet  long.  It  is  notable  that  while  portions  of  a 
vein  contain  high  values,  other  portions  are  practically  worthless, 
and  that  the  richer  portions  or  pay  shoots  usually  follow  certain 
lines  pitching  at  variance  with  the  dip  of  the  vein.  Instances  of 
such  pay  shoots  were  noted  at  the  Sea  Level  mine  on  Revillagigedo 
Island,  at  the  Gold  Standard  mine  on  Cleveland  Peninsula,  at  the 
Crackerjack  mine  near  Hollis,  and  at  other  mines. 

Few  of  the  veins  show  signs  of  surface  oxidation  of  the  minerals. 
Their  croppings  expose  the  unaltered  sulphide  ore,  usually  pyrite, 
and  only  rarely  has  this  been  oxidized  to  limonite  so  as  to  form  an 
iron  cap  or  gossan.  Secondary  enrichment  is  entirely  absent  in  the 
fissure-vein  deposits.  If  such  enrichment  existed  previous  to  the 
glacial  epoch  it  was  scoured  away  by  the  moving  ic^  streams.  More 
recent  weathering  has  affected  the  rocks  to  only  a  slight  depth. 

Most  of  the  veins  dip  steeply  or  stand  nearly  vertical.  At  the 
time  the  veins  were  formed  the  present  outcrops  were  probably  sev- 
eral thousand  feet  below  the  earth's  surface,  and  since  they  were 
formed  from  material  derived  from  still  greater  depths,  it  may  be 
surmised  that  similar  veins  will  extend  to  considerable  depths, 
though  individual  veins  may  be  cut  off  by  faults  or  by  a  gradual 
wedging  of  the  inclosing  fissure. 

The  walls  or  country  rocks  are  everywhere  considerably  altered 
and  in  some  places  consist  entirely  of  metamorphic  minerals,  in- 
cluding epidote,  chlorite,  mica,  quartz,  and  calcite.  Metallic  min- 
erals in  many  places  impregnate  the  vein  walls,  and  in  certain  locali- 
ties the  rock  adjacent  to  the  vein  constitutes  a  part  of  the  ore. 

BKECCIA    VKINS. 

The  term  breccia  veins  is  here  us^mI  to  designate  masses  of  briM'cia 
rock  occurring  in  more  or  le-ss  tabuhir  form  which  have  been  infiltrated 
and  impregnated  by  quartz  and  metallic  sulphides.  Limestones  and 
whists  are  the  usual  inclosing  rocks,  and  in  these  the  veins  are  either 
parallel  to  the  bedding  planes  or  crosscut  them  at  narrow  angles. 

40640— BuU.  347—08 6 
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Deposits  of  this  sort  are  found  at  Dolomi  and  in  Cholmondeley  Sound, 
on  the  east  side  of  Prince  of  Wales  Island.  At  Dolomi  the  Valpa- 
raiso, Paul,  and  Jessie  veins  are  typical  of  these  brecciated  vein 
deposits,  and  in  Cholmondeley  Sound  the  Gladstone  and  Equator 
veins  are  most  typical.  .These  veins  range  from  2  to  10  feet  in  width 
and  many  of  them  are  traceable  for  1,000  feet  or  more.  Quartz 
forms  the  cementing  material  between  the  brecciated  limestone  frag- 
ments, and  to  some  extent  has  replaced  the  rock  itself.  Sulphide 
minerals  carrying  the  gold  values  are  contained  in  the  limestone  frag- 
ments as  well  as  in  the  quartz,  and  to  a  less  extent  in  the  unbrecciated 
rock  adjacent  to  the  vein.  Because  of  this  replacement  of  the  inclos- 
ing rock  and  the  lack  of  definite  walls,  it  is  sometimes  difficult  to 
determine  the  lateral  limits  of  the  ore,  and  assays  of  the  rock  are 
necessary.  In  some  places,,  as  was  noted  in  the  Valparaiso  vein,  the 
walls  are  defined  by  narrow  veins  of  massive  quartz  1  to  2  feet  in 
width,  with  4  to  6  feet  of  brecciated  ore  between.  These  quartz 
veins  were  separated  from  the  intervening  breccia  by  thin  seams  of 
gouge  matter,  indicating  movement  of  the  walls  subsequent  to  their 
deposition.  Gold  is  the  principal  metal  contained  in  these  deposits 
and  is  largely  free-milling.  Pyrite,  chalcopyrite,  tetrahedrite,  ga- 
lena, sphalerite,  and  arsenopyrite  occur  in  varying  amounts  in  most 
of  these  veins.  Surface  weathering  has  oxidized  the  surface  out- 
crops, in  places  to  a  depth  of  several  feet,  forming  a  gossan  com- 
posed of  limonite,  hematite,  malachite,  azurite,  and  other  minerals. 
In  tliese  breccia  veins  the  richer  ore  generally  occurs  in  the  form  of 
shoots,  pitching  at  an  angle  to  the  dip  of  the  vein. 

U)DE  DKi*osrrs. 

The  type  of  mineral  deposit  here  defined  as  "  lode  "  consists  t)f 
bands  of  schistose  rock  intersected  by  veinlets  of  quartz  and  calcite 
and  impregnated  with  metallic  sulphides.  These  lodes  may  vary 
from  5  to  50  feet  in  width,  and  are  usually  of  great  persistence  both 
ill  length  and  depth.  They  invariably  follow  the  structure  of  the 
inclosing  rock,  and  the  ore  is  of  more  uniform  grade  in  them  than 
in  the  fissure  veins,  (iold,  which  is  the  principal  metal  in  them,  is 
confined  largely  to  the  (jiiartz  and  calcite  veinlets.  The  lode  deposits 
are  not  so  important  in  this  region  as  in  the  Juneau  district  **  to  the 
north.  This  type  of  niineralization  is  most  prominent  in  the  slate- 
greenstone  belt,  and  ore  bodies  of  this  sort  are  being  mined  at  the 
Keystone  claim  on  Cleveland  Peninsula  and  at  the  (loldstream  mine 
on  Gravina  Island.  At  these  localities  the  inclosing  rock  is  a  green- 
stone schist,  which  within  the  lodes  is  changed  to  a  soft  grayish  or 
})ale-greenish  rock,  consisting  chiefly  of  carbonates  of  lime  and  mag- 

"  Spencer,  A.  C,  The  Juneau  gold  belt :  Bull.  U.  S.  Geol.  Survey  No.  287,  1006. 
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nesia,  with  sericite  and  some  chlorite.  The  metallic  sulphides,  essen- 
tially pyrite  with  some  chalcopyrite,  are  finely  disseminated  through- 
out the  rock  and  amount  to  about  3  to  6  per  cent.  The  lateral  limits 
of  the  deposits  are  not  sharply  defined,  and  in  the  altered  country 
rock  the  mineralized  portion  gradually  changes  to  the  unmineralized 
schist.  g, 

The  origin  of  the  lode  deposits  is  believed  to  have  been  similar 
to  that  of  the  fissure  veins.  Mineral  solutions  of  magmatic  origin 
permeated  and  altered  the  schists,  and  deposited  in  them  the  sulphide 
minerals.  The  rocks  were  then  fractured  and  veinlets  or  stringers 
of  quartz  and  calcite  were  deposited.  Subsequent  movements  have 
caused  slipping  and  shearing  planes  within  the  lodes,  but  large  trans- 
verse faults  were  not  observed. 

Surface  waters  and  other  surface  agencies  have  had  practically  no 
effect  upon  this  type  of  deposit  since  the  glacial  epoch,  and  secondary 
enrichment  does  not  occur. 

CH)NTAtT- META MORl'H  1 C^    DK1»<  )S ITS. 

Among  the  most  valuable  mineral  deposits  in  the  region  are  the 
contact  metamorphic  deposits,  which  are  largely  developed  on  Prince 
of  Wales  Island.  This  term  is  here  restricted  to  those  mineral  veins 
or  ore  masses  which  have  been  formed  by  contact  metamorphic! 
agencies  and  which  carry  the  minerals  characteristic  of  such  action. 
A  contact  metamorphic  deposit  must,  therefore,  be  in  the  vicinity 
of  an  intrusive  rock  but  not  necessarily  at  its  contact.  Such  deposits 
occur  mostly  in  limestone  or  calcareous  rocks  usually  within  1,000 
feet  of  the  intrusive  rock  masses.  They  are  believed  to  be  of  mag- 
matic origin  and  to  have  been  formed  by  gaseous  and  aqueous  emana- 
tions given  off  from  the  igneous  intrusive  during  cooling  and  solid- 
ification. As  lime  carbonate  is  a  ready  precipitant  of  these  mineral 
solutions,  the  largest  ore  masses  are  usually  formed  at  pohits  where 
limestone  is  the  intruded  rock. 

The   characteristic    minerals   associated    with    the   contact   meta- 
morphic deposits  are  chalcopyrite,  pyrrhotite,  pyrite,  and  magnetite 
in  a  gangue  of  garnet,  epidote,  calcite,  quartz,  aniphibole,  wollasto- 
iiite,  and  several  rare  minerals.     These  minerals  are  admittedly  the 
typical  products  of  contact   metamorphisni,  and   their  nature  and 
intergrowth  show  that  they  result  from  the  action  of  hot  solutions. 
Mineralogically  they  differ  from  the  ores  of  other  dej)<)sits,  especially 
in  the  contemporaneous  formation  of  oxides  and  sulphides,  princi- 
pally of  iron,  and  in  their  association  with  the  various  lime-silicate 
minerals  enumerated  above.     Within  these  contact  aureoles  the  min- 
eral deposits  assume  many  forms.     They  occur  not  only  as  veins 
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filling  fissures  a  few  hundred  feet  in  length,  crosscutting  the  intruded 
rock  beds,  but  also  in  the  intrusive  mass  itself,  and  as  banded  re- 
placement deposits,  where  mineral  deposition  has  taken  place  along 
the  bedding  planes  of  a  quartzite  country  rock  and  the  intervening 
bands  have  been  more  or  less  completely  replaced  by  vein  material. 
Of  greatest  importance,  however,  are  the  masses  composed  largely 
of  metallic  sulphides  and  magnetite.  These  ore  bodies  are  irregular 
masses  ranging  from  20  to  200  feet  in  lateral  dimensions  and  from 
100  to  300  feet  in  depth.  Such  deposits  are  largely  developed  at 
Copper  Mountain  and  on  Kasaan  l*eninsula,  both  localities  on  Prince 
of  Wales  Island,  and  their  characteristics  are  discussed  under  the 
detailed  descriptions. 

CHARACTER  OF  ORBS. 

The  important  ores  of  the  Ketchikan  and  Wrangell  districts  are 
not  of  great  variety  and  their  association  is  not  unlike  that  of  the 
other  lode-mining  areas  in  Alaska.  Most  of  the  ores  are  primary 
sulphides;  the  only  recognized  ores  of  secondary  origin  which  occur 
in  commercial  amounts  are  the  copper  carbonates  at  Copi)er 
Mountain. 

COPPER  ORES. 

The  principal  copper  mines  in  the  region  arc  developing  deposits 
of  a  low-grade  copper-iron  sulphide  ore  which  can  be  profitably 
exploited  only  by  extreme  economy  in  extraction.  In  certain  in- 
stances the  accessory  gold  content  of  $1  and  $2  is  depended  on  to  raise 
the  total  value  of  the  ore  above  the  commercial  limit.  The  copi)er 
ores  generally  contain  high  percentages  of  iron  and  lime  and  are 
classed  as  ''  base  ores ''  by  the  smelters.  Therefore,  to  acomplish 
their  reduction,  it  is  necessary  to  mix  them  with  siliceous  or  quartz 
ores.  The  lack  of  available  siliceous  ore  has  \h}qu  a  serious  handicap 
to  the  smelters  of  the  district.  Increasing  the  value  of  the  copf)er 
ores  by  concentration  alone  would  in  most  cases  be  of  little  advan- 
tage, both  l)ecause  of  the  high  percentage  of  iron  minerals  and 
because  only  the  lighter  siliceous  minerals  would  be  separated,  which 
are  necessary  as  a  flux.  In  some  instances,  however,  a  grinding  and 
treatment  of  the  ores  in  a  magnetic  separator  might  be  done  to 
advantage. 

Th(»se  facts  are  clearly  brought  out  in  the  following  table,  which 
shows  the  composition  of  the  gangue  content  of  the  ores  from  the 
principal  mines,  as  determined  by  smelter  assays. 
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Smelter  assays  of  ores  from  copper  mines  in  the  Ketchikan  district.^ 


Name  of  mine. 


Mamie  mine: 

Siliceous  ore 

Base  ore- 

Steveostown  mine 

Mount  Andrew  mine. 

Karta  Bay  mine - 


8IO2 
(sfUca). 


NIMaclc  mine 

Omar  Kliayyam  mine 

Cymru  mine 

Copper  Mountain  mine,  sur- 
face ore. 

Ck>pper  City  mine. — . 


90.6 
10.6 
16.4 
15.2 
16.5 
19.6 
27.2 
41.8 
12.0 
74.2 

87.7 
12.4 


Fe 
(iron). 


CaO 

(lime). 


!  8 

(sulphur). 


AI2O3 
(alu- 
mina). 


Mf?0 
f  mag- 
nesia). 


Zn 
(zinc). 


17.5 
47.8  I 
84.1  < 
42.8 
35.6  I 
28.3  I 
24.0  , 
18.4 
37.0  I 
8.6 

17.3  I 
27.2 


10.4 
2.7  I 

0.8  I 

7.0 

1.0 

1.7 

1.2 

1.8 

12.1 
l.« 


5.9 

6.3  I 

6.9 

4.3 

6.2 

8.0 
22.8 
14.8 
41.0 

7.4 

.3 

22.  G 


17.2 
7.7 
11.7 


5.6 
7.8 
4.0 
1.1 

12.0 
4.36 


1.2 
3.9 
Tr. 


1.0 
1.9 


•The  aboTe  assays  were  kindly  furci8he<l  to  tho  writers  by  ihe  Alaska  Smelting  an«l  Itellning 
Company  and  by  the  Tacoma  Smelter. 

The  preceding  analyses,  though  incomplete,  show  the  relative  ba.sic 
and  siliceous  content  of  the  ores.  The  portion  of  the  analyses  not 
given  represents  the  moisture  (HoO),  the  carbon  dioxide  (CO2),  the 
undetermined  elements,  including  the  alkalies  contained  in  the  ores, 
and  also  their  content  of  precious  metals. 

GOLD   ORES. 

Although  gold  is  distributed  through  all  the  older  rock  formations 
within  the  region,  the  localities  which  show  sufficient  cojfcentration 
of  auriferous  minerals  to  make  workable  ore  bodies  are  relativfly  few, 
^nd  the  values  found  are  usually  low.  The  low  cost  of  transportation 
*nd  the  available  water  power,  however,  make  it 'possible  at  many 
places  to  extract  the  ores  at  a  profit. 

The  gold  mines  operating  in  the  Ketchikan  and  Wrangell  districts 
*i*e  producing  a  free-milling  ore,  i.  e.,  an  ore  from  wiiicli  the  greater 
percentage  of  the  gold  content  may  be  extracted  by  amalgamation. 
Some  of  these  ores  have  been  shipped  to  the  smelter,  but  unless  the 
<*harges  for  reduction  are  exce])ti()nally  low  it  would  appear  that  the 
ores  should  be  concentrated  and  these  concentrates  alone  shipped  to 
the  .smelter.  The  amount  of  concentrates  derived  fi-om  the  gold  ores 
seldom  exceed  5  per  cent. 

ORE  MINERALS. 


XATIVE    MINEH-VLS. 


Gold. — Gold,  the  only  native  metal  found  in  commercial  quantities, 
occurs  in  vein  and  lode  deposits.  Small  (juantities  of  gold  are  also 
present  in  the  alluvium,  notably  that  of  Stikine  and  Uniik  rivers. 
Visible  particles  of  gold  are  scattered  through  the  vein  (jiiartz  and  as- 
sociated with  pyrite  to  some  extent  in  the  adjacent  (rountiT  roek  at 
Crackerjack  and  Puyallup  mines  near  Ilollis,  at  the  Gold  Standard 


86        KETCHIKAN  AND  WRANGELL  MINING  DISTRICTS,  ALASKA. 

mine  on  Cleveland  Peninsula,  at  the  Hoadley  group  just  north  of 
Ketchikan,  at  Sealevel  in  Thome  Arm,  and  at  other  points.  Gold  is 
also  found  in  small  particles  associated  with  galena  and  sphalerite 
iii  narrow  seams  and  in  the  form  of  thin  flakes  along  jointing  and 
slipping  planes  in  the  lode  deposits  at  the  Gold  Stream  mine  and 
other  localities.  In  the  breccia  deposits  at  Dolomi  many  of  the  veins 
show  native  gold  associated  with  secondary  minerals,  such  as  limo- 
nite,  malachite,  and  azurite,  apparently  derived  from  original  sul- 
phide ores  by  weathering.  In  many  of  the  deposits,  however,  the  gold 
is  contained  largely  in  sulphide  minerals,  and  its  association  with  the 
sulphide,  usually  pyrite,  is  so  intimate  that  fine  milling  and  amalga- 
mation fail  to  extract  the  metal.  Many  of  the  sulphide  concentrates 
from  these  ores  contain  from  5  to  10  ounces  of  gold. 

Copper. — Metallic  copper  was  observed  at  the  surface  croppings 
of  the  copper  deposits  at  the  head  of  Duncan  Canal,  at  Copper 
Mountain,  at  Skowl  Arm,  at  Cholmondeley  Sound,  and  on  Kasaan 
Peninsula.  In  this  relatively  rare  mode  of  occurrence  the  copper  is 
in  thin  sheets  along  clay  seams  or  slipping  planes  and  has  been  de- 
rived from  the  alteration  of  chalcopyrite. 

SULPHIDES,  TELLIJRIDES,  ARSENIDES,  ETC. 

Chalcopyrite. — Chalcopyrite,  which  forms  the  bulk  of  the  copper 
ores  of  the  districts  in  all  the  various  types  of  deposits,  is  composed 
of  the  sulphides  of  copper  and  iron  and  when  pure  contains  34.5  per 
cent  of  copper.  "  It  occurs  associated  with  pyrite,  pyrrhotite,  and 
magnetite  in  a  gouge  composed  of  garnet,  epidote,  quartz,  calcite,  and 
amphibole  minerals  and  in  quartz  veins  with  galena  and  zinc  blende. 
Chalcopyrite  associated  with  biotite  and  amphibole  has  also  been 
found  finely  disseminated  in  the  intrusive  rocks,  but  in  these  cases  it 
w^as  evidently  not  an  original  mineral  of  the  rock. 

As  platinum  has  been  found  in  association  with  chalcopyrite  ores 
elsewhere,  it  seemed  desirable  to  te.st  these  ores  for  this  metal  as  well 
as  for  their  gold  content.  Large  samples  of  chalcopyrite  ore  as  nearly 
pure  as  possible  were  taken  from  three  mines  and  analyzed  by  Mr. 
Locke  with  the  following  results : 


Aiui}yfiCi<  of  vhalropyritc 
f  Analyst,  r.<M'k<'.l 

arvs. 

Sample  nunibor. 

L<  )rn  lit  y. 

Platinum. 

Gold. 

1 

Mainio  mino,  Kotrhikan  «li«trlct 

Ounce 
,    per  ton. 
None. 

Ounce 
per  ton. 
0.04 

2 - 

3 

Stpvonstown  inlru',  Ketchikan  district 

Mount  Andrew  mine,  Kctctiikan  district.. 

None. 

None. 

.00 
.06 
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These  analyses  did  not  reveal  a  perceptible  amount  of  platinum  in 
the  chalcopyrite,  yet  showed  a  gold  value  of  from  $0.80  to  $1.60  per 
ton. 

Bamite. — ^Bomite  is  also  a  copper-iron  sulphide  containing  55.5 
per  cent  copper,  and  may  be  easily  recognized  by  its  iridescent  or. 
copper-red  color.  It  has  been  found  only  at  the  Goodro  prospects 
on  Prince  of  Wales  Island,  where  it  is  distributed  in  small  particles 
and  masses  associated  with  chalcopyrite,  secondary  biotite,  and  epi- 
dote  near  the  contact  of  a  basic  dioritic  intrusive. 

Pyrite. — The  most  common  metallic  sulphide  known  in  the  region 
is  pyrite.  It  is  present  in  the  form  of  small  but  perfect  cubes  through- 
out the  metamorphic  schists,  slates,  and  greenstones,  and  is  finely  dis- 
seminated in  the  igneous  rocks.  Alone  it  is  of  little  commercial  value, 
but  where  associated  with  gold  it  may  form  a  valuable  ore.  Auri- 
ferous pyrite,  which  constitutes  the  larger  percentage  of  the  ore  con- 
centrates, is  supposed  to  l)e  a  mechanical  combination  by  which  the 
gold  is  distributed  throughout  the  pyrite  in  minute  films  and  parti- 
cles, which,  however,  can  not  l)e  separated  by  the  usual  method  of 
amalgamation.  Pyrite  in  a  pure  state  contains  53.4  per  cent  of  sul- 
phur and  is  the  raw  material  for  the  manufacture  of  sulphuric  acid. 
At  one  locality,  Skowl  Arm,  where  large  bodies  of  this  sulphide  oc- 
cur, the  advisability  of  mining  pyrite  for  its  sulphur  content,  which 
amounts  to  about  40  per  cent,  is  being  considered. 

Pyrrhotite. — ^The  mode  of  occurrence  of  pyrrhotite  is  similar  to 
that  of  pyrite,  but  it  is  not  so  broadly  distributed.  It  is  a  sulphide  of 
iron  containing  less  sulphur  than  pyrite  and  may  l)e  distinguished  by 
its  darker  bronzelike  color  and  its  magnetic  properties.  Pyrrhotite 
is  largely  developed  in  all  of  the  copi^er  contact  metamorphic  de- 
posits and  occurs  finely  disseminated  in  the  intrusives  near  their 
contacts. 

Some  pyrrhotite  ores  elsewhere  contain  nickel  in  sufficient  amount 
to  form  a  nickel  ore.  For  this  reason  and  l)ecause  some  masses  of 
this  mineral  were  reported  to  contain  large  amounts  of  cobalt,  samples 
of  nearly  pure  pyrrhotite  were  taken  from  three  localities  an<l  sub- 
mitted for  the  determination  of  their  nickel,  <*ol)alt,  platinum,  and 
gold  content,  with  the  following  results: 

AnaljfHra  nf  fff/rrhotitc  orca, 
[Analyst,  (ieorjje  StelRer,  V.  S.  Coolo^^ical  Survoy.  1 


Sample  number. 

Locality. 

Nickel. 

I*fr  cm  t . 
O.l  to  0.2 

.1  to    .2 

.Ito    .2 

('obalt. 

Trace. 
Trace. 
lYacc. 

J*latininn. 

Ouncfx 
ItT  ton. 
None. 

N(mc. 

None. 

Gold. 

4                

Brown  and  Metz  claim,  north  end 
NovcB  Island.  Ketchikan  »llstrirt. 

Sultana  claim,  north  side  Hetta 
Inlet,  Ketchikan  district. 

Iron  Crown  claim.  Copper  Moun- 
tain. Ketchikan  district. 

Ouncfft 

per  ton. 

None 

(L- 

None 
None 

1 
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Galena. — The  lead  sulphide,  galena,  containing  86  per  cent  of  lead 
and  usually  a  small  amount  of  silver,  has  been  found  at  several  local- 
ities. It  occurs  with  sphalerite,  pyrite,  and  tetrahedrite,  and  also 
with  silver  and  gold  in  small  amounts.  Galena  is  the  principal  ore 
of  the  Moonshine  prospect  on  Cholmondeley  Sound,  and  at  the 
Groundhog  and  Glacier  basin  prospects  on  the  mainland  east  of 
Wrangell.  At  the  Moonshine  group  of  claims  it  occurs  both  in  a 
coarse  crystalline  state  and  in  a  fine  compact  state,  the  latter  being 
called  "  steel  galena."  To  determine  the  relative  amounts  of  silver 
contained  in  the  two  varieties  the  mine  owners  took  samples  which 
were  assayed  with  the  following  results :  *» 

Analysett  of  galena. 


Finc-f  rained  compact  galena  ore.. 
OojBrse-graineil  galena  ore 


Silver. 


OunetM 

per  ton. 

17.6 

21.2 


I^ad. 


Per  cent. 
6C.6 
78.0 


The  lead-silver  ratio  is  practically  the  same  in  both  cases.  Galena 
also  occurs  in  variable  amounts,  usually  small,  associated  with  the 
gold  ores,  at  Dolomi,  on  Annette  and  Gravina  islands,  on  Cleveland 
Peninsula,  and  at  Thomas  Bay.  It  is  rarely  present  in  the  copper 
contact  deposits. 

Sphalerite, — ^The  mineral  sphalerite,  commonly  known  as  zinc 
blende  or  black  jack,  occurs  under  practically  the  same  conditions  as 
galena,  with  which  it  is  usually  associated,  but  at  no  place  has  it  been 
found  in  sufficient  quantity  to  make  a  zinc  ore.  Besides  the  localities 
mentioned  where  galena  occurs  it  has  been  found  in  considerable 
amounts  at  some  prospects  on  Beaver  Mountain  in  Hetta  Inlet  and  is 
present  in  the  copper  ores  at  Niblack  and  Copper  City. 

Tetraliedrite. — Gray  copper  ore,  as  tetrahedrite  is  usually  termed, 
is  a  copper-antimony  sulphide  which  may  be  distinguished  from 
sphalerite  by  its  lack  of  cleavage  and  its  dark  brown  to  black  streak. 
It  has  been  found  at  Dolomi,  on  Annette  Island  and  on  Kasaan  Penin- 
sula associated  with  chalcopyrite,  pyrite,  galena,  and  sphalerite  in  the 
quartz  veins  inclosed  in  limestone.  Tetrahedrite,  though  a  copper 
ore,  was  not  observed  in  the  copper  deposits,  and  it  is  important 
only  bi*causi»  of  the  gold  and  silver  which  usually  accompany  it. 

Tetradymlte, — A  telluride  of  bismuth,  called  tetradymite,  occurs 
with  the  gold  ores  at  the  Hoadley  claims  north  of  Ketchikan  and 
at  the  mines  on  Cleveland  Peninsula.  It  is  a  relatively  rare  mineral 
of  a  steel-gray  color  with  a  perfect  basal  cleavage  and  usually  a 

•  Thosp  analyses  wore  kindly  furnished  to  tho  wrltor  by  Mr.  Catlln,  of  Ketchikan. 
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prismatic  form.  It  has  been  confused  by  the  miners  with  petzite, 
the  gold-silver  telluride,  a  mineral  which  has  not  been  observed  in 
the  region,  though  it  may  be  present  in  some  of  the  gold  ores. 

Arsenopyrite. — A  sulpharsenide  of  iron,  called  arsenopyrite,  was 
observed  in  the  quartz  veins  at  several  localities  in  small  and  unim- 
portant amounts.  It  may  be  distinguished  from  pyrite  by  its  silver- 
white  color.  At  the  prospects  in  Thomas  Bay  it  is  found  in  consid- 
erable quantities  containing  gold  values,  and  is  associated  with  pyrite, 
galena,  and  some  sphalerite. 

Molybdenite. — Flakes  of  molybdenite,  molybdenum  sulphide,  are 
found  in  some  of  the  quartz  veinlets  occurring  in  the  metamorphic 
schists  and  the  intrusives  of  the  mainland.  It  also  occurs  in  small 
amounts  in  some  of  the  contact  metamorphic  deposits  on  Prince  of 
Wales  Island.  A  small  vein  showing  a  considerable  amount  of  this 
sulphide  was  obser\'ed  in  the  schists  on  the  north  end  of  Noyes  Island. 
Molybdenite  is  one  of  the  rare  minerals  of  this  region,  and  so  far  as 
known  does  not  occur  in  commercial  amounts.  It  is  a  soft,  flaky 
mineral  with  metallic  luster  resembling  graphite,  but  having  a  bluer 
tinge. 

OXIDES,   CARBONATES,   AND   SILICATES. 

Magnetite. — ^The  principal  occurrence  of  the  magnetic  oxide  of  iron 
is  in  association  with  the  copper  deposits.  At  the  copper  mines  in 
Kasaan  Peninsula  magnetite  forms  about  half  of  the  ore  mass  and 
occurs  in  large  amounts  in  some  of  the  deposits  in  the  vicinity  of 
Hetta  Inlet.  Minute  grains  and  small  octahedral  crystals  of  mag- 
netite occur  scattered  through  the  ferromagnesian  silicates  and  less 
plentifully  through  the  groundmass  as  an  accessory  constituent  of 
the  dioritic  intrusives  and  the  greenstones.  Magnetite  was  not  ob- 
served in  the  quartz  veins,  though  it  is  present  in  many  of  the  peg- 
matite dikes.  At  several  places  on  Prince  of  Wales  Island  magnetite 
occurs  in  masses  sufficiently  high  in  grade  to  make  an  iron  ore,  though 
no  attempt  has  been  made  to  mine  it  as  such.  The  presence  of  chal- 
copyrite  in  the^e  magnetite  masses  makes  them  important  as  copper- 
bearing  deposits,  though  in  many  instances  the  content  of  the  metal  is 
not  sufficient  to  insure  profitable  mining.  The  mode  of  occurrence  of 
the  magnetite,  associated  in  masses  with  dialcopyrito  and  pyrite, 
shows  that  it  was  deposited  under  similar  conditions,  and  that  it  is  a 
primary  ore  mineral,  as  the  latter  evidently  are.  In  the  intrusives, 
however,  it  is  apparently  an  original  constituent  of  the  rock. 

Hematite. — ^Hematite,  also  an  oxide  of  iron,  occurs  in  the  form  of 
specularite  or  micaceous  hematite  in  the  contact  copper  deposits, 
though  only  in  minute  scattered  grains.  At  the  Niblack  mine  it 
forms  small  masses  accompanied  by  (|uartz  in  the  ore  bodies.  It  was 
not  observed  associated  with  the  auriferous  ores. 
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Limonite. — The  hydrous  iron  oxide  called  limonite  is  an  alteration 
product  of  iron  minerals,  most  commonly  of  pyrite,  and  is  found  at 
many  places,  but  nowhere  in  quantity.  It  occurs  with  the  copper- 
carbonate  ores  on  Copper  Mountain  and  forms  a  shallow  capping 
on  many  of  the  pyritic  ore  deposits. 

Malachite. — The  green  carbonate  of  copper  called  malachite  is 
usually  found  in  small  amounts  at  the  croppings  of  the  copper  de- 
posits where  limestone  forms  the  inclosing  rock.  Its  principal  occur- 
rence is  on  Copper  Mountain,  where  surface  alteration  has  l)een 
extensive  and  formed. small  masses  of  this  carbonate  ore  in  the  gar- 
netiferous  and  limestone  gangue.  The  mode  of  occurrence  is 
mostly  in  narrow  seams  or  veinlets  and  as  an  incrustation  or  coating 
on  the  sulphide  ores.  Malachite  is  associated  with  limonite,  chryso- 
colhi,  and  small  amounts  of  azurite.  Its  high  copper  content  and  the 
facility  with  which  it  may  l)e  reduced  make  it  a  very  valuable  ore. 

Azurite, — Azurite,  like  malachite,  is  a  carbonate  of  copper,  but  is 
distinguished  by  its  deep-bhie  color.  Only  small  amounts  of  this  ore 
were  observed,  and  it  was  always  in  association -with  malachite  as  a 
surficial  alteration  product  of  the  sulphide  copper  ores. 

Chnjsocolla. — The  hydrous  silicate  of  copper,  called  chrysocolla, 
like  malachite  and  azurite,  has  been  found  in  quantity  only  at  the 
Copper  Mountain  mine,  where  it  is  apparently  confined  to  the  sur- 
face workings  and  is  of  only  minor  importance  as  an  ore. 

Qvaitz, — Quartz  is  the  most  common  and  most  important  gangue 
mineral  in  both  the  fissure  and  the  lode  deposits.  It  usually  occurs 
as  massive  quartz  and  rarely  in  the  form  of  crystals.  At  Dolomi  in 
the  veins  along  lines  of  brecciation  in  the  limestone  it  forms  the 
cementing  material  and  has  replaced  to  a  large  extent  the  sur- 
rounded fragments  of  the  limestone.  At  Niblack  in  the  copper  de- 
posits it  is  associated  with  small  amounts  of  hematite  and  forms 
what  is  termed  ''  jasper  ore.''  In  the  contact  metamorphic  de- 
posits it  is  present  in  only  snuill  amounts,  generally  crystallized  and 
associated  with  epidote  and  garnet.  Many  of  the  crystals  are  doubly 
tonninated  and  from  1  to  10  centimeters  in  length,,  many  of  them 
being  twinned.  They  have  formed  subsequent  to  the  crystallization 
of  the  epidote  and  garnet  and  are  superimposed  on  them. 

Cahlte, — Calcium  carbonate,  conmionly  known  as  carbonate  of 
lime,  has  the  most  widespread  occurrence  of  any  gangue  mineral 
except  (|nartz.  It  is  readily  recognized  by  its  perfect  cleavage  and 
its  softness.  Calcite  is  particularly  prominent  in  the  contact  meta- 
morphic deposits  and  is  associated  with  the  galena  ores.  Where  it 
was  observed  occurring  with  garnet  and  epidote  it  was  invariably  of 
later  fornmtion. 

(rarnet, — In  the  Ketchikan  district  garnet  forms  the  principal 
gangue  mineral  of  the  contact-metamorphic  deposits  and  is  confined 
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for  the  most  part  to  the  altered  limestones  near  the  intrusive  con- 
tacts. Though  it  commonly  occurs  in  massive  form,  it  also  appears 
in  crystal  aggregates  usually  of  dodecahedral  form  embedded  in  the 
altered  limestone.  The  separate  crystals  in  cross  section  show  a  con- 
centric structure  resembling  banded  agate,  being  made  up  of  green 
and  red  bands,  which  probably  represent  a  slight  change  in  com- 
position during  the  growth  of  the  crystals.  In  size  the  crystals  range 
from  1  to  5  centimeters  in  diameter,  the  faces  showing  a  subada- 
mantine  luster,  though  in  mass  the  garnet  has  the  usual  luster.  To 
determine  the  variety  of  this  garnet  rock  a  sample  was  submitted 
for  analysis,  and  the  results,  which  were  determined  by  W.  T. 
Sohaller,  of  the  United  States  Geological  Survey,  are  compared  in  the 
following  table  with  garnet  rock  from  other  localities : 

AnalyncH  of  garnet  occurring  in  contact  mctamorphic  dcpoHits. 
I  Analysts:  W.  T.  Schaller.  1  ;  George  Stelger,  2-4.1 


8IOi 

AlfOt— 
FetOs... 
PeO.^. 
MgO — 

CaO 

H*0.... 

no*— . 

OaOOa. 
P»0»— 
MnO 


35.18 

6.15 

2i5.05 

.40 

.09 

33.36 

.42 

None. 


I 


I 


I 


36.26 

.78  ' 
32.43 
.32  I 
None. 
>    29.67  , 
I         .57  ' 
None. 
I  None.  ' 

.06 
I         .27  , 


37.79  I 

11.97 

15.77 


37.15  1 
6.06  ! 
19.40 


31.5 


1.31 

.37    

32.57       32.44 
.00      ..      _ 

33.0 

37.3 

4.20 

.31 


99.65  !  100.36 

I  I 


100.18  I  100.60  '     iOO.O 

I  I  I 


1.  Chimet  rock.  Jumbo  mine.  Prince  of  Woles  Island. 

2.  Garnet,  MorencI,  Ariz.,  Prof.  I*aper  IT.  S.  (Jeol.  Survey  No.  A\\,  p.   i:t4. 

3.  Massive  brown  fcarnet.  White  Knob,  Idaho  :  Economic  (Jeology,  vol.  2,  No.  1,  p.  7. 

4.  Garnet,  San  Jose.  Mexico :  Trans.  Am.  Inst.  MIn.  Knj:.,  vol.  'M\,  p.  02. 
ii.  Typical  composition  of  andradfte. 

G.  Typical  composition  of  grossularite. 

From  the  above  analyses  it  is  evident  that  the  greater  per  cent  of 
the  garnet  associated  with  the  contact-nietanioiphic  deposits  is  an- 
dradite  and  not  grossularite,  as  has  in  many  instances  been  supposed. 

The  garnet  masses  are  confined  principally  to  the  intrusive  con- 
tacts with  a  limestone  of  nearly  pure  calcium  carbonate,  thus  sug<j:e.st- 
ing  that  a  vast  amount  of  foreign  material  must  have  been  brought 
in  along  the  intrusive  contacts  to  have  produced  the  garnet  masses. 
Where  the  intnisives  invade  a  quartzite  country  rock,  the  garnet 
forms  bands  interstratifying  the  siliceous  beds,  and  many  of  these 
mineral  bands  extend  thousands  of  feet  from  the  contacts.  At 
Copper  Mountain  this  mineral  forms  a  massive  belt  20  to  50  feet 
wide  between  the  intrusive  diorite  and  the  limestone  country  rock, 
and  occurs  in  veins  crosscutting  the  limestone  l>eds  and  penetrating 
the  intrusive  rock.  Included  in  the  garnet  masses  are  crystallize<l 
particles  and  small  masses  of  chalcopyrite,  magnetite,  \)yvvl\vAv\v^.^•^\\^\ 
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rarely  pyrite,  all  of  which,  combined  as  they  are,  constitute  the  copper 
ore. 

The  almandite  variety  of  garnet  occurs  in  great  abundance  in  the 
mica  and  chlorite  schist  near  the  mouth  of  the  Stikine  River.  The 
crystals  are  from  1  to  4  centimeters  in  diameter,  usually  of  dodecahe- 
dral  form,  with  trapezohedral  truncations.  Though  abundant,  this 
mineral  has  not  been  extensively  cut  as  a  gem  stone  on  account  of  its 
being  too  opaque  and  because  of  numerous  fractures  or  flaws  in  the 
crystals. 

Epidote. — A  calcium-iron-aluminum  silicate,  called  epidote,  occurs 
largely  as  an  alteration  product  in  the  igneous  rocks  and  as  a  gangue 
mineral  in  the  contact-metamorphic  deposits.  As  a  mineral  due  to 
contact  metamorphism  it  forms  many  large  crystals  associated  with 
garnet  quartz  and  calcite.  Specimens  of  this  mineral  from  the  Green 
Monster  copper  claims  were  sent  to  the  Harvard  mineralogical  labora- 
tory by  Mr.  W.  C.  Hart  and  have  been  described  by  Dr.  Charles 
Palache." 

Wollastonite. — ^The  metasilicate  of  calcium,  woUastonite,  was  found 
forming  radiating  crystal  clusters  in  the  limestone  and  quartzites 
a  short  distance  from  but  not  at  the  intrusive  contact.  It  belongs 
with  the  contact-metamorphic  minerals  of  the  region,  but  its  occur- 
rence away  from  the  contact  suggests  that  the  conditions  necessary 
for  its  formation  were  not  so  intense  as  those  required  to  produce 
the  garnet  and  epidote  which  occur  at  the  contacts. 

Scapolite. — ^I^ike  wollastonite,  scapolite  occurs  in  the  vicinity  of 
the  ore  deposits  and  is  a  calcium-aluminum  silicate  containing  soda 
and  chlorine.  It  occurs  in  prismatic  crystals  an  inch  or  two  in  length 
with  rough,  uneven  faces  and  is  from  white  to  gray  in  color.  It  was 
found  only  in  the  vicinity  of  the  Copper  Mountain  deposits  and  is 
not  of  common  occurrence. 

Amphihole, — The  hornblende  variety  of  amphibole,  a  calcium-mag- 
nesium-iron silicate,  is  a  prominent  gangue  mineral  in  some  of  the 
contact-metamorphic  deposits.  At  the  Stevenstown  mine  it  was 
observed  to  form  radiating  crystal  clusters  in  the  inclosing  altered 
schists  and  was  intimately  associated  with  garnet  and  chalcopyrite. 
It  is  also  present  in  the  ore  deposits  at  the  Mount  Andrew  and  Mamie 
mines.  The  tremolite  variety,  calcium-magnesium  silicate,  occurs  as 
a  nietamorphic  mineral  in  some  of  the  limestone  beds,  notably  in  the 
Ham  Island  marble  deposits  in  the  Wrangell  district. 

Feldspar, — The  presence  of  feldspar  in  small  amounts  was  noted 
in  several  of  the  vein  deposits,  more  especially  in  those  occurring  in 
the  band  of  crystalline  schists,  and  is  of  interest  because  of  its  prob- 
able relation  to  the  granitic  intrusives.     The  variety  is  mainly  that 
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of  albite,  which  occurs  in  the  quartz  veins  on  the  I^n  de  Van  claims 
at  the  head  of  George  Inlet,  at  the  Birdseye  claim  to  the  south  of 
Ketchikan,  and  at  other  localities.  At  the  Goodro  prospects  near 
Karta  Bay  albite  is  found  as  a  vein  mineral  in  the  copper  deposits 
associated  with  secondary  biotite  and  epidote. 

Biotite. — Flakes  of  biotite,  commonly  termed  black  mica,  were 
noted  rarely  in  some  of  the  vein  deposits.  At  the  Lon  de  Van  pros- 
pect mentioned  above  it  is  associated  with  secondary  albite  and  at 
the  Goodro  prospects  it  is  a  prominent  mineral  constituent  of  the 
copper  ores.  Its  presence  in  these  deposits  suggests  that  conditions 
of  moderately  high  temperature  existed  during  the  ore  deposition. 

Clhiochlore. — Clinochlore,  a  soft  bluish-green  micaceous  mineral, 
was  observed  in  considerable  amounts  occupying  small  druses  and 
finely  disseminated  in  some  of  the  copper-bearing  magnetite  deposits 
on  Kasaan  Peninsula. 

I>ETAIl4ED  DE8CRIPTIOX8  OF  MINES  AND  PROSPECTS. 

GENERAL  STATEMENT. 

A  great  many  prospects  and  mine  workings  of  moderate  extent  are 
located  in  the  Ketchikan  district,  but  the  developed  and  producing 
mines  are  few.  During  the  few  months  devoted  to  field  work  in  this 
region  nearly  200  localities  were  examined,  including  all  of  the 
important  mines  and  prospects.  In  the  following  descriptions  the 
properties  are  grouped  first  according  to  their  chief  metal  content  and 
then  taken  up  in  geographic  order.  Copper  is  and  probably  will  he 
the  principal  metal  product  of  the  district  and  is  therefore  considered 
first,  followed  by  gold  and  the  less  important  metals.  The  geology 
of  the  region  as  a  whole,  the  relations  of  the  ore  deposits,  and  the 
mode  of  occurrence  of  the  minerals  have  been  discussed  in  the  fore- 
going pages,  and  while  consulting  the  following  detailed  descriptions 
these  general  descriptions  should  lx»  kept  in  mind.  In  the  following 
pages  one  of  the  principal  typical  deposits  of  a  locality  is  generally 
selected  and  described  in  considerable  detail,  and  the  other  deposits 
are  next  discussed  according  to  their  importance  and  the  degree  in 
which  they  vary  from  the  type  deposit.  At  the  close  of  these  descrip- 
tions the  building  stones  and  the  mineral  and  thermal  springs  are 
discussed  briefly. 

COPPER  MINES. 
GENERAL    STATEMENT. 

Copper  does  not  occur  uniformly  throughout  the  districts.  Irregu- 
lar lenses  or  masses  of  the  ore  are  present  in  the  altered  greenstone 
.schists  at  Niblack;  in  the  vicinity  of  Copper  Mountain  and  on  Kasaan 
Peninsula  they  are  found  at  the  contact  of  granitic  intrusives  with 
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limestone  and  siliceous  schists,  and  veins  of  nearly  massive  sulphide 
ore  occur  in  a  belt  of  slate-greenstone  schist  along  the  shores  of  Hetta 
Inlet  and  at  the  head  of  North  Arm.  In  a  general  way  these  ore 
bodies  are  so  irregular  that  the  rule  to  observe  in  exploitation  is  to 
follow  the  ore  and  not  drive  long  crosscut  tunnels  with  the  expecta- 
tion of  undercutting  the  deposit  in  depth.  The  bulk  of  the  copper 
ore  is  chalcopyrite  and  cupriferous  pyrite,  accompanied  by  magnetite, 
pyrrhotite,  and  other  sulphide  minerals.  With  one  exception,  car- 
bonate and  oxide  ores  are  practically  absent,  and  the  zone  of  second- 
ary concentration  or  surface  enrichment,  prominent  in  most  copper 
deposits,  is  wanting  or  is  too  small  in  extent  to  be  important.  In  gen- 
eral it  may  be  stated  that  where  a  sulphide  ore  is  being  mined  in 
these  districts  the  values  in  the  ore  will  not  decrease  rapidly  with 
increasing  depth. 

HETTl  INLET. 

GENERAL  DESCRIPTION. 

All  of  the  most  important  discoveries  on  the  west  coast  of  Prince  of 
Wales  Island  are  contiguous  to  Hetta  Inlet,  a  deep  embayment  which 
is  connected  with  the  Pacific  Ocean  through  Cordova  Bay  (see  Pi.  I). 
The  increasing  importance  of  this  area  led  to  the  survey  of  the  water- 
ways from  the  head  of  Hetta  Inlet  to  the  Pacific  Ocean  during  the 
early  part  of  1905  by  the  Coast  and  Geodetic  Survey.  With  the  aid 
of  the  chart  of  this  section  ocean-going  steamers  may  approach  Cop- 
ix^rniount  and  Sulzer  with  safety. 

The  head  of  Hetta  Inlet  is  separated  from  the  west  arm  of  Chol- 
niondeley  Sound  by  a  low  divide  4  miles  across  and  less  than  200  feet 
high.  The  Government  has  built  a  roadway  between  the  two  water- 
ways which  permit.s  the  shipment  of  light  freight  and  increases  the 
mail  facilities  over  this  relatively  short  route  from  Ketchikan  to 
Sulzer  and  Coppermount.  Heavy  freight  and  supplies  are  deliv- 
ered by  vessels  from  Puget  Sound,  which  occasionally  call  at  the 
mining  camps  along  the  inlet,  and  by  small  steamers  from  Ketchikan, 
a  distance  of  100  miles  by  water. 

The  shores  of  Hetta  Inlet,  like  other  parts  of  the  coast,  rise  precipi- 
tously from  the  water's  edge,  and  the  main  channel  and  the  harbors 
are  deep.  The  steep  mountains  terminate  in  peaks  from  2,500  to  3,800 
feet  in  elevation,  many  being  less  than  than  a  mile  from  tide  water.  A 
hixuriant  growth  of  timber  and  vegetation  extends  to  an  altitude  of 
2,000  to  2,500  feet,  and  above  this  the  mountains  are  bare,  permitting 
broad  views  of  the  surrounding  region.  Many  inland  lakes  are  in- 
cluded in  the  area,  and  their  outflowing  streams  furnish  abundant 
water  power  the  year  around.  This  advantage  and  the  accessible 
•supply  of  timber  are  exceptionally  favorable  for  mining. 
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The  accompanying  sketch  map  presents  the  geologic  relations  as 
well  as  the  positions  of  the  mines  (PI.  IX).  An  intrnsive  stock  en* 
boss  of  granodiorite  8  miles  wide  occupies  the  (central  part  of  the  fiekl 
and  is  surrounded  by  irregular  areas  of  limestone  and  quartzite.  The 
geologic  age  of  these  bedded  rocks  is  Paleozoic.  The  determination 
is  based  wholly  on  their  lithologic  and  structural  features,  as  no 
fossil  evidence  was  obtained.  The  limestone  has  lx»en  so  completely 
metamorphosed  to  coarsely  crystalline  marble  that  its  bedding  i)lanes 
are  no  longer  apparent.  The  quartzites,  which  have  a  schistose  and 
wrinkled  structure,  overlie  the  limestone  and  are  in  turn  overlain  by 
a  wide  belt  of  greenstone  schists,  which  border  the  shores  of  Iletta 
Inlet.  The  general  strike  is  N.  15°  to  45°  W.,  and  the  dip  is  steep 
to  the  west,  though  this  has  been  interrupted  in  the  vicinity  of  the 
intrusive  granite  boss  where  the  stratified  rock  beds  are  usually  par- 
allel to  its  contact.  Small  areas  or  patches"  of  limestone  occur  within 
the  granodiorite  area  where  erosion  w^as  not  sufficient  to  remove  them. 
The  coarsely  crystalline  character  of  the  intrusive  and  the  alteration 
of  the  limestone  at  points  distant  from  the  contact  indicate  that  these 
rocks  were  deeply  buried  at  the  time  of  metamorphism  and  are  a 
measure  of  the  extent  of  subsequent  erosion. 

After  the  erosion  of  the  granodiorite  and  after  the  deposition  of  the 
ore  Ixnlies,  dikes,  usually  narrow,  of  diabase  and  diorite-porphyrite 
were  injected.  These  dikes  have  no  bearing  upon  the  vein  (le[)()sits 
except  at  those  places  where  they  crosscut  them  along  lines  of  frac- 
ture, as  at  the  Copper  City  and  Corbin  mines. 


ORK    DKPOSITS. 


Distrihvtion, — The  principal  ore  bodies  in  Helta  Inlet  are  on  the 
Copper  Mountain,  Jumbo,  Houghton,  and  (ireen  Monster  groups  of 
claims,  and  are  contact  metamorphic  deposits,  confined  i)rincipally  to 
the  aureole  of  the  granodiorite  in  either  limestone  or  quartzite.  The 
deposits  at  the  Corbin  and  Copper  Cit\-  mines  are  vein  deposits  of 
massive  sulphide  ore  in  the  outlying  greenstone  schists  which  border 
the  .shore  of  Hetta  Inlet. 

Effects  of  contact  metaiiiorphhin. — The  intrusion  of  the  granodio- 
rite batholith  appears  to  have  allected  an  alteration  of  the  ailjacont 
.sediments  for  only  a  few  thousand  feet  from  the  contact.  Nearer  the 
contact  the  influence  of  this  intrusive  on  the  stratified  rocks  is  evi- 
dent only  in  the  quartzite  or  schistose  beds  by  the  development  of 
wollastonite  and  some  garnet  and  epidote,  while  the  crystalline  lime- 
stone strata  are  apparently  unaltered.  These  facts  go  to  show  that 
regional  metamorphism  previous  to  the  granodiorite  intrusion  was 
apparently  so  intense  as  to  render  the  rocks  little  susceptible  to  fur- 
ther changes. 
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The  changes  within  the  contact  aureole  due  to  the  indirect  effect 
of  the  intrusive  mass  or  hydrothermal  metamorphism  were  caused 
by  the  vapors  and  liquid  solutions  emanating  from  the  igneous 
magma  during  the  period  of  its  solidification.  In  the  present  in- 
stance this  action  has  extended  much  farther  than  the  direct  con- 
tact metamorphism  and  has  produced  wide  deposits  and  veins  of 
garnet  and  epidote  in  which  the  ores  occur.  The  mineral-bearing 
solutions  given  off  from  the  unsolidified  portions  of  the  igneous 
masses  penetrated  the  adjacent  limestone  and  quartzite  beds,  mainly 
along  the  granodiorite  contact,  dissolving  channels  into  the  lime- 
stone, thoiigh  often  taking  advantage  of  preexisting  fissures  in  both, 
the  limestone  and  granodiorite.  During  their  ascent  the  thermic  and 
other  conditions  of  the  aqueous  solutions  changed  and  their  mineral 
contents  were  precipitated  by  the  limestone  and  meteoric  waters 
and  gradually  filled  the  channels  and  fissures.  The  contact  meta- 
morphic  deposits  thus  formed  are  composed  essentially  of  a  massive 
garnet-epidote  rock,  varying  from  a  reddish  to  a  greenish  color,  in 
which  gi'ains  of  chalcopyrite,  pyrrhotite,  and  magnetite  are  dis- 
seminated. In  places  the  rock  has  a  decided  granular  textufe,  both 
the  garnet  and  the  epidote  having  their  crystalline  forms,  and  in  this 
the  sulphide  ore  is  usually  found  in  small  masses  accompanied  by 
calcite  and  quartzite.  The  width  of  the  contact  metamorphic 
deposits  ranges  from  25  to  250  feet  and  the  inclosing  walls  are 
sharply  limited  where  formed  of  limestone,  but  the  altered  quartzite 
boundaries  were  less  well  defined.  Smaller  bodies  of  this  vein  mate- 
rial are  found  in  fissures  branching  from  the  contact  both  into  the 
limestone  and  into  the  granodiorite,  the  lateral  extent  of  these 
l^eing  usually  less  than  1,000  feet.  A  description  of  both  the  ore 
and  the  gangue  minerals  found  in  these  deposits  is  contained  in 
this  report  under  the  heading  ''  Ore  minerals ''  (p.  85). 

COPPKR    MOINTAIX    (;ROri'. 

General  (lescnptlon. — The  Copper  Mountain  group  of  claims  of 
the  Alaska  Copper  Company  stretches  northward  from  tide  water 
at  Copi)er  Harbor  across  the  crest  line  of  a  ridge  which  forms  a 
spur  of  Copper  Mountain  (PI.  IX).  The  principal  developments 
are  along  the  crest  of  the  ridge  at  an  altitude  of  over  8,000  feet,  w^here 
the  discoveries  of  copper  were  first  made.  Prospecting  on  Copper 
Mountain  began  in  iSl)7  and  investigations  followed  the  discov- 
eries until  early  in  P.)00,  when  the  properties  were  purchased  by  the 
Alaska  Coj)j)er  Coinj)any. 

Developments  were  rajiidly  made  by  this  comi)any  and  included 
the  construction  of  buihlings  and  a  large  wharf.  In  11)02  several 
shipments  of  ore  were  made  to  the  Tacoma  smelter,  about  500  tons 
in  all,  and  they  are  reported-  to  have  yielded  nearly  $18,000.  In 
1903  and   1904  there  was  no  production,  and   developments  were 
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confined  to  the  erection  of  a  smelting  plant  and  a  power  plant  and 
the  extension  of  a  crosscut  tunnel  to  undercut  the  ore  body  1,000 
feet  below  its  outcrop.  In  October,  1905,  these  improvements  were 
completed  and  smelting  of  the  ore  was  begun. 

Mine  developmenL — ^The  principal  exploitations  have  been  made 
by  means  of  open  pits  or  "glory  holes  ".on  New  York  and  Indiana 
claims  at  altitudes  of  3,300  and  3,500  feet,  respectively.  At  150  feet 
and  300  feet  below  surface  outcrops  two  tunnel  levels  have  been  driven 
for  undercutting.  The  upper  level  consists  of  200  feet  of  tunneling 
and  the  second  level  700  feet  of  tunneling  with  upraises  to  the  surface. 
A  long  tuniiel,  including  3,000  feet  of  underground  workings,  enters 
the  mountain  at  an  elevation  of  2,350  feet  and  undercuts  the  ore 
bodies  at  a  depth  of  1,000  feet.  This  lowest  tunnel  follows  the  con- 
tact zone  of  the  granodiorite,  first  with  quartzite  and  then  with  lime- 
stone. Its  general  course  is  northeasterly  to  a  point  1,400  feet  from 
its  mouth,  where  it  branches,  the  left  or  northwesterly  branch  continu- 
ing for  several  hundred  feet  along  the  contact  to  a  point  almost 
direcdy  under  the  surface  outcrop  on  the  New  York  claim,  while  the 
northeasterly  branch  penetrates  the  massive  granite  belt  for  700  feet 
toward  the  Indiana  lode,  which  lies  along  the  eastern  contact. 

The  total  mine  developments  at  the  close  of  1906  are  roughly  esti- 
mated at  4500  feet  of  tunneling  and  500  feet  of  shaft  sinking  and 
raises,  besides  much  open-pit  work.  The  ore  was  chiefly  mined  from 
the  upper  workings  on  the  New  York  claim  and  delivered  to  the 
smelter  over  a  cable  tram  6,000  feet  in  length. 

Smelter, — ^The  smelting  plant  is  close  to  tide  water  at  the  head  of 
Copper  Harbor  and  consists  of  a  250-ton  Allis-Chalmers  blast  furnace, 
ore  bins  of  2,500-ton  capacity,  coke  bins  of  1,200-ton  capacity,  and  n 
sample  mill,  besides  the  usual  appliances  for  the  granulation  and  re- 
moval of  the  slag  (PI.  X,  J[).  The  ore  from  the  Copper  Mountain 
mine  is  delivered  to  the  sample-mill  bin  by  an  aerial  tramway  0.000 
feet  long,  while  the  ore  shipped  to  the  smelter  is  unloaded  into  receiv- 
ing bunkers  of  1,000-ton  capacity  on  the  wharf,  and  from  these  is 
drawn  off  into  cars  and  hoisted  on  an  inclined  tramwav  to  the  sample 
mill. 

In  addition  to  the  smelting  plant  there  is  a  sawmill,  blacksmith 
and  machine  shop,  store  and  warehouse,  assay  office,  and  comi)ress()r 
plant.  All  of  the  necessary  machinery  at  both  of  the  mines  and  at 
the  smelter  is  run  by  water  power  derived  from  Reynolds  Creek. 
The  water  is  transmitted  1,000  feet  by  a  22-inch  pipe  line  to  the  com- 
pressor plant,  where  two  water  wheels  develop  300  horsepower.  The 
smelter  was  first  operated  for  an  experimental  run  in  June,  1005,  and 
since  then  has  been  operated  at  irregular  intervals.  In  the  summer  of 
1906  a  large  tonnage  of  ore  was  smelted  with  a  considerable  produc- 
40840— Bull.  347—08 7 
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tioii  of  matte.  In  October,  1906,  the  smelter  was  closed  i>eiidiiig  a  i-e- 
organization  of  the  company  and  no  attempt  was  made  to  operate  it 
during  1907. 

Ore  bodies. — Two  principal  ore  bodies,  the  New  York  and  Indiana 
lodes,  are  worked  on  the  Copper  Momitain  group  of  claims.  The  out- 
crops are  on  the  crest  of  the  mountain  ridge  at  elevations  of  3,300 
and  3,500  feet,  respectively.  Both  are  contact  metamorphic  deposits 
similar  in  mode  of  occurrence  and  origin  and  separated  from  each 
other  by  a  belt  of  granodiorite  800  feet  wide. 

The  ore  body  exposed  on  the  New  York  claim  occurs  at  the  contact 
of  the  granodiorite  with  limestone,  along  which  it  has  been  exposed 
by  a  long  tunnel  and  by  surface  cuts  for  2,000  feet.  In  the  tunnel 
the  width  of  the  deposit  varies  from  10  to  50  feet,  and  the  ore  is  con- 
fined to  the  gamet-epidote  contact  rock.  At  the  surface  workings, 
however,  the  copper  ores  have  been  spread  out  into  the  somewhat 
fractured  limestone  hanging  wall  (PL  X,  J?).  This  spreading  is 
attributed  to  the  action  of  meteoric  waters,  which  has  also  altered 
the  original  sulphide  ore  into  an  oxide  and  carbonate  ore,  occurring 
in  the  form  of  pockets,  small  pipes,  and  gashes  in  the  garnet  ganguc 
rock  and  in  the  limestone  hanging  wall.  This  action,  however,  has 
not  taken  place  everywhere,  and  the  unaltered  sulphide  minerals  in 
the  gamet-epidote  gangue  rock  are  not  uncommon  at  the  surface. 
Such  alteration  is  absent  at  the  tunnel  level  about  1,000  feet  below 
the  surface  pit,  and  will  probably  rapidly  decrease  and  become  want- 
ing within  a  few  hundred  feet  of  the  surface. 

The  Indiana  lode  lies  about  800  feet  northeast  of  the  New  York 
lode  and  is  parallel  to  the  eastern  contact  of  the  outlying  granodiorite 
belt  indicated  on  the  map  (PI.  IX).  The  garnet-epidote-calcite  rock 
and  the  inclosing  rock  extends  across  a  width  of  nearly  500  feet. 
They  are  cut  by  a  network  of  (fuartz  stringers  and  include  masses  of 
crystalline  limestone.  The  ore  occurs  irregularly  and  is  not  con- 
fined to  the  contact. 

The  present  workings  are  on  irregular  ore  masses  near  the  con- 
tact, but  the  limits  and  extent  of  these  are  but  little  known.  In 
origin  and  character  of  mineralization  this  lode  is  similar  to  the  New 
York  lode,  but  the  values  contained  are  lower  and  more  scattered. 
The  ore  is  composed  of  both  carbonate  and  sulphide  minerals  of 
copper  and  contains  from  $1  to  $2  in  gold  and  silver  values.  Tunnels 
liave  been  driven  at  points  40  to  220  feet  l>elow  the  floor  of  the 
surface  pit  in  order  to  investigate  this  deposit  in  depth.  The  ex- 
tension of  the  main  tunnel  at  the  2,300-foot  level  will  undercut  this 
ore  l)ody  1,150  feet  below  its  surface  exposure.  The  ore  from  this 
mine  is  transported  by  a  surface  tram  1,400  feet  in  length  around  the 
south  side  of  Copper  Mountain  to  the  head  of  the  aerial  tram  at  the 
New  York  claim. 
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JUMBO   GROUP. 

IS  it  nation, — The  clainiki  of  the  Jumbo  group  belonging  to  the 
Alaska  Industrial  Company  occupy  the  slopes  of  Jumbo  basin  on 
the  northwest  side  of  Copper  Mountain.  The  claims  extend  from 
a  point  500  feet  in  elevation  and  1  mile  from  tide  water  to  near  the 
mountain  summit,  3,850  feet  in  elevation.  Two  main  deposits  are 
being  explored,  one  between  1,500  and  1,900  feet  on  the  east  slope  of 
Jumbo  basin  on  the  Jumbo  claims  Nos.  1,  lA,  and  2,  and  the  other 
between  1,600  and  2,000  feet  elevation  on  the  Jumbo  claims  Nos. 
4  and  14. 

Development. — Investigation  of  the  Jumbo  group  began  in  1902, 
and  during  the  succeeding  years  various  prospect  tunnels  were  driven 
and  test  pits  sunk  on  the  different  claims.  After  a  promising  ore 
Ixxly  was  opened  on  the  claims  Nos.  4  and  14,  located  at  1,700  feet 
elevation  and  8,500  feet  from  tide  water,  it  was  next  necessary  to 
devise  a  means  of  transporting  the  ore  to  tide  water.  For  this  pur- 
pose a  Riblett  aerial  tram  8,250  feet  long  and  an  additional  aerial 
tram  600  feet  long  were  erected  in  1905-6,  thus  connecting  the  beach 
with  the  lower  tunnel  of  the  mine  workings,  1,700  feet  above  sea.  At 
the  beach  a  wharf  with  150  feet  of  frontage  was  built  and  ore  bins  of 
4,000  tons  capacity  erected.  While  this  was  being  done  developments 
of  the  ore  deposits  were  advanced,  and  early  in  1907  shipments  of  the 
ore  to  the  Tyee  smelter  in  British  Columbia  began. 

Ore  deposits. — The  general  rock  relations  of  this  area,  which  are 
similar  to  those  shown  at  the  Copper  Mountain  group  previously 
(Ie.scribed,  are  presented  on  the  geologic  map  of  Hetta  Inlet  (PI. 
XI).  The  main  granodiorite  boss  forms  the  foot  wall  of  the  deposit, 
the  hanging  wall  being  in  some  places  a  crystalline  limestone  and  at 
others  an  altered  quartzite  of  a  banded  structure,  varying  from  a 
white  to  a  reddish  or  greenish  color. 

The  copper  deposit  being  mined  is  on  Jumbo  claim  No.  4,  and  con- 
sists of  an  irregular  body  of  chalcopyrite  ore  30  to  40  feet  wide,  120 
feet  long,  and  about  140  feet  in  depth,  occupying  a  nearly  vertical 
jX)sition.  The  contact  zone  in  which  this  occurs  is  200  feet  in  width 
at  this  point,  granite  forming  the  foot  wall  and  limestone  the  hanging 
waU.  The  limesix)ne  beds  are  fractured  and  faulted,  and  masses  of 
this  rock  are  completely  surrounded  by  the  garnet-epidote  contact 
rock.  Mineralized  masses  of  garnet-epidote,  completely  surrounded 
by  the  limestone,  are  also  exposed,  thus  suggesting  a  replacement  of 
the  limestone  by  the  ore-l)earing  minerals.  On  the  foot-wall  side 
there  is  no  definite  separation  between  the  contact  rock  and  the  grano- 
diorite, the  mineral  solutions  having  also  replaced  the  mineral  com- 
ponents of  this  rock,  though  less  extensively. 

The  contact  rock  has  a  compact  folsitic;  texture,  and  is  locally 
called  felsite,  though  it  is  composed  mainly  of  garnet  viuOi  ^\vv^cA.vi, 
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Near  the  ore  masses  this  rock  l)ecomes  coarsely  crystallized,  the  garnet 
and  epidote  form  vugs  of  well-developed  crystals,  calcite  occurs  in 
small  veinlets  and  masses,  and  chalcopyrite  may  be  observed  in  scat- 
tered particles.  Except  such  local  changes  there  are  no  indications, 
within  the  contact  zone  w^hich  may  be  used  as  a  guide  in  the  search 
for  these  ore  masses.  Those  points  where  the  limestone  is  in  contact 
with  the  granodiorite  appear  to  be  most  favorable  for  the  occurrence 
of  the  ore  deposits.  Besides  the  minerals  already  mentioned  scapo- 
lite,  woUastonite,  specularite,  and  molybdenite  are  present  in  small 
amounts. 

The  mine  workings  on  JumbS  claim  No.  4  consist  of  four  tunnels 
between  1,550  and  1,950  feet  in  elevation  and  an  open  cut  at  2,050 
feet  elevation.  The  main  working  tunnel,  or  tunnel  No.  3,  is  situated 
at  an  elevation  of  1,700  feet  and  is  280  feet  in  length.  At  a  point  180 
feet  from  its  mouth  a  130- foot  vertical  raise  connects  this  level  with 
the  stopes  in  the  ore  body  and  tunnel  No.  2.  At  a  point  40  feet  above 
the  tunnel  a  small  stope  has  been  extended  to  the  west  on  what  is 
supposed  to  be  the  bottom  of  the  main  ore  body,  and  30  feet  above 
this  a  60- foot  exploratory  drift  has  been  extended  to  the  east  into  the 
ore.  The  floor  of  the  main  stope  is  100  feet  above  the  level  of  tunnel 
No.  3.  The  stope  is  IGO  feet  long,  20  to  40  feet  in  width,  and  extends 
for  30  feet  above  the  level  of  tunnel  No.  2.  The  ore  mined  goes 
through  this  raise,  whence  it  is  trammed  to  the  upper  terminal  of  the 
aerial  tramway,  and  from  there  it  is  transported  to  the  ore  bunkers  at 
the  beach. 

In  Canyon  Creek  200  feet  to  the  southeast  of  tunnel  No.  2  surface 
mining  and  exploratory  tunnels  are  being  extended  on  the  supposed 
continuation  of  this  ore  body.  Tunnel  No.  1  at  1,950  feet  elevation 
crosscuts  the  limestone  for  ^>0  feet  and  enters  the  contact  rock  for  15 
feet,  in  which  indications  of  ore  are  shown.  Tunnel  No.  4  has  re- 
cently been  stalled  at  a  i)()int  1,570  feet  in  elevation  on  a  level  with 
the  upper  terminal  of  the  main  aerial  tramway.  It  is  planned  to 
extend  this  tunnel  to  undercut  the  present  mine  workings,  with  which 
it  will  be  connected  by  a  raise  through  which  the  ore  will  be  C(m- 
veyed,  thus  eliminating  the  necessity  of  the  auxiliary  tramway  from 
tunnel  No.  3. 

The  upper  workings  are  on  Jumbo  claim  No.  14  just  above  tunnel 
No.  1  at  2,050  feet  elevation.  Tlies(»  consist  of  an  open  cut  and  sur- 
face stripping  across  a  width  of  100  feet.  The  irregularity  of  the 
deposits  and  the  sporadic  occurrence  of  the  ore  is  well  shown  here. 
At  one  point  a  face  of  massive  sulphide  ore  0  feet  across  is  sur- 
rounded by  the  barren  gangue  rock;  at  other  points  sulphides  were 
finely  disseminated  in  the  ix)ck  in  sufficient  amount  to  make  a  low- 
grade  ore. 

The  orO  body  on  Jumbo  claims  Nos.  1,  lA,  and  2  is  characterized 
hy  lower  values  in  copper  than  in  the  deposit  on  Jumbo  claim  No.  4, 
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and  by  a  large  percentage  of  magnetite-,  iivhich  mineral  was  con- 
spicuously absent  in  the  former  deposit*  .Gcanite  forms  the  foot- 
wall  and  both  limestone  and  quartzite  the  hanging'wall  side.  Erosion 
has  exposed  the  ore  body  over  broad  areas,  so  tlrat  itj^-appears  to  form 
a  relatively  thin  covering  on  the  granodiorite,  and  -becomes  thinner 
as  the  elevation  increases.  The  deposit  outcrops  in  this  ilianner  be- 
tween the  1,500  and  2,000  foot  contours,  but  aJt)ove  2,000  feet  grano- 
diorite alone  was  observed.  This  contact  deposit  between  th^e  .hang- 
ing and  foot  walls  generally  varies  from  10  to  00  feet  in  width;  but  in 
places  it  is  altogether  absent,  and  the  granite  and  limestone  are.  in 
direct  contact  with  each  other,  as  was  observed  at  a  point  a  few  hun- 
dred yards  northwest  of  the  workings. 

The  highest  openings  are  1,890  feet  in  elevation  on  Jumbo  claim 
No.  1,  where  a  small  open  cut  exposes  considerable  copper  carbonate 
ore  and  limonite  in  a  banded  garnet -epidote  gangue.  This  is  only  a 
surface  alteration  and  disappeared  at  a  depth  of  a  few  feet.  Just 
south  of  this  the  deposit  forms  a  steep  bluff  100  feet  high  and  exposed 
over  a  width  of  100  feet.  Masses  of  sulphide  ore  accompanied  by 
magnetite  were  observed  along  the  foot  6f  this  bluff  where  consid- 
erable surface  stripping  had  been  done.  At  1,660  feet  above  sea  a 
tunnel  85  feet  long  running  N.  30°  E.  crosscuts  the  limestone  hang- 
ing wall  for  20  feet,  then  penetrates  a  10- foot  band  of  epidote  prac- 
tically barren  of  ore,  followed  by  15  feet  of  crystalline  Iimest<)ne,  and 
finally  enters  a  belt  of  banded  garnet-epidote  rock  for  50  feet  with- 
out exposing  the  granodiorite  foot  wall.  In  the  face  of  the  tunnel 
^lall  amounts  of  sulphide  ore  are  scattered  throughout  the  garnet- 
epidote  gangue,  but  as  a  whole  the  rock  did  not  appear  to  carry 
sufficient  copper  to  constitute  an  ore.  AlK)ut  100  yards  east  of  this 
tunnel,  at  1,580  feet  elevation,  on  Jumbo  claim  Xo.  2,  the  ore  body 
^s  again  exposed  over  a  considerable  area  and  is  richer  in  sulphide 
ore.  Two  tunnels  crosscut  the  ore  deposit,  one  1,540  feet  in  elevation 
»nd  the  other  1,480  feet.  The  upper  tunnel  starts  in  the  deposit,  pene- 
trates it  for  50  feet,  and  enters  the  granodiorite  foot  wall  for  6  feet. 
The  line  between  the  ore  body  and  the  foot  wall  was  well  defined,  but 
^l^ere  was  no  gangue  present  and  the  ore  was  closely  welded  to  the 
ff^anite.  Near  the  face  of  the  tunnel  or  foot  wall  the  ore  is  of  a  fine 
texture,  rich  in  epidote  and  magnetite,  and  carries  but  a  small  amount 
0^  sulphide,  whereas  at  the  entrance  to  the  tunnel  the  gangue  was 
'nade  up  of  garnet  containing  small  masses  of  chaleopyrite.  The 
tunnel  just  below  this  crosscuts  the  limestone  hangin^r  wall  for  55 
wt  and  enters  the  ore  body  for  0  feet.  The  extension  of  this  con- 
tact metamorphic  de])osit  on  Jumbo  claim  Xo.  lA  has  been  exposed 
^y  two  tunnels,  one  above  the  other,  at  750  and  840  feet  elevation. 
"^^  upper  tunnel  penetrates  a  banded  garnet  foot  wall,  and  al)out 
25  feet  from  its  entrance  considerable  sulphide  oi^  \nvx.^  ^^^^^^ 
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In  the  lower  tunnel,  wlrich'is  240  feet  in  length,  the  hanging  wall 
exposed  at  the  ent^ffpc^^  is  a  reddish  to  dark-greenish  indurated 
quartzite  grading-jlnto'^  the  banded  gamet-epidote  rock  near  the 
tunnel  face,  wjtrere'the  granite  foot  wall  is  exposed.  The  contact 
metamorphic  depdsit  at  this  point  is  nearly  100  feet  wide,  but  the  ore 
in  it  is  scahjsred  and  as  a  whole  is  of  lower  grade  than  that  exposed 
on  the"-uppft*r  claims.  The  observations  indicate  that  this  degosit 
will43!iEiT3ohfined  to  the  contact  of  the  granodiorite  foot  wall  and  along 
this,  contact  the  occurrence  of  ore  will  be  sporadic,  the  sulphide 
.minerals  occurring  in  masses  or  within  limited  contact  areas  con- 
nected with  one  another  by  the  more  or  less  barren  gamet-epidote 
gangue  rock.  The  average  ore  from  this  deposit  contains  a  high 
percentage  of  iron  and  nearly  sufficient  silica  for  smelting  purposes. 
Besides  its  copper  content  assays  show  values  in  gold  and  silver. 
The  advisability  of  concentrating  the  ore  by  separating  the  magne- 
tite from  it  and  thus  reducing  its  iron  content  is  still  to  be  deter- 
mined. 

GREEN  MONSTEB  QROUF. 

Situution. — The  Green  Monster  group  of  claims,  belonging  to  the 
Alaska  Industrial  Company,  occupies  the  northern  and  western  slopes 
of  Green  Monster  Mountain,  2^  miles  due  east  from  Copper  Mountain 
and  3  miles  from  the  tide  flats  at  the  head  of  Hetta  Inlet.  From  the 
latter  point  a  trail,  crossing  two  lakes  each  half  a  mile  wide,  at  alti- 
tudes of  600  feet  and  1,680  feet,  respectively,  leads  to  the  principal 
mine  workings  at  an  elevation  of  2,800  feet.  Another  approach 
to  these  claims  is  from  Copper  Harbor  across  a  series  of  three  lakes 
(indicated  on  the  map,  PL  IX). 

Development, — Although  these  claims  were  located  in  1900,  de- 
velopments have  been  meager,  and  no  attempt  has  been  made  to 
advance  the  investigation  beyond  the  required  assessment  work.  Two 
tunnels  have  been  driven,  one  on  Green  Monster  claim  No.  1,  65  feet 
in  length,  the  other  on  Diamond  B.  claim,  also  65  feet  long.  On 
lola  claim  a  pit  8  feet  deep  has  been  sunk  and  trenches  dug  along 
the  ore  body. 

Ore  bodies, — Ore  bodies  at  the  contact  of  the  limestone  and  granite 
are  shown  on  the  lola,  Black  Warrior,  and  Diamond  B.  claims  (PI. 
XI).  The  deposit  on  the  lola  claim  has  been  opened  by  a  small 
pit  and  surface  stripping,  and  consists  of  a  mass  of  magnetite-chal- 
copyrite  ore  10  feet  in  width  inclosed  in  the  garnet-epidote  gangue, 
which  at  this  point  occupies  a  width  of  about  25  feet  betw^een  the 
limestone  hanging  wall  and  the  granodiorite  foot  wall.  Along  this 
contact  other  smaller  ore  masses  were  obsc^rved  on  the  lola  and  Black 
Warrior  No.  2  claims,  but  were  apparently  of  little  consequence.  On 
the  Black  Warrior  claims  Nos.  1  and  5  similar  ore  bodies  occur  ad- 
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jacent  to  the  granite  and  limestone  contact  and  in  a  black  slate  band 
along  the  mountain  crest  striking  N.  30"*  W.,  but  these  have  not  been 
prospected.  On  the  Diamond  B.  claim  a  tunnel  65  feet  in  length  has 
been  driven  along  the  contact  of  the  limestone  with  a  porphyritic  dike 
^riking  N.  30**  E.  and  50  feet  or  more  in  width.  The  main  contact 
of  the  granodiorite  boss  lies  about  150  feet  to  the  west.  In  this  tun- 
nel the  gamet-epidote  vein  rock  is  exposed  across  a  width  of  about  10 
feet  and  for  a  length  of  50  feet;  the  face  of  the  tunnel  enters  the 
limestone.  Small  masses  of  copper  sulphide  occur  in  this  contact 
rock,  but  the  metal  content  of  the  vein  as  a  whole  is  low. 

A  deposit  in  the  form  of  a  vein  filling,  occupying  an  irregular  fis- 
sure in  the  limestone,  occurs  on  Green  Monster  claim  Xo.  1.  This 
vein  appears  to  be  an  offshoot  from  the  main  contact  zone  just  west 
of  it.  A  tunnel  65  feet  long  undercuts  the  vein,  and  for  250  feet 
along  the  surface  it  is  exposed  by  trenches.  The  vein  strikes  S.  20° 
E.  with  vertical  dip  and  averages  6  feet  in  width.  The  copper  occurs 
in  small  masses  and  disseminated  particles  throughout  the  garnet- 
epidote-calcite  gangue.  Associated  with  the  chalcopyrite  ore  is  py- 
rite,  and  in  places  along  the  surface  limonite,  malachite,  and  azurito 
are  present. 

A  third  type  of  mineralization  is  exposed  on  Black  Warrior  claim 
No.  2,  where  a  narrow  vein  containing  galena,  pyrite,  and  chalcopy- 
rite has  been  deposited  along  the  contact  of  a  porphyry  dike  with  the 
limestone  country  rock  at  a  point  about  1,000  feet  from  the  granite 
contact.  This  ore,  though  of  good  quality,  has  not  been  found  in 
quantity. 

In  general  the  ore  bodies  on  the  Green  Monster  group  are  similar 
in  character  to  those  on  the  Jumbo  group,  but  from  present  excava- 
tions they  do  not  appear  to  l>e  as  great  as  the  latter  in  size  and  extent. 
The  position  of  the  proj^erty  necessitates  the  building  of  a  tramway 
over  a  distance  of  3  miles  in  order  to  ship  the  ore,  and  conditions  of 
mining  are  less  favorable  than  at  many  other  points  along  the  coast. 

IIOUCJUTON    GKOUP. 

Sitvntian  and  development, — The  Hougliton  group  of  claims  is  lo- 
cated on  the  northwest  slope  of  Mount  Jumbo  between  elevations 
1,000  and  2,000  feet  and  is  1  mile  from  Hetta  Inlet.  (See  PI.  XI.) 
They  include  the  granodiorite  contact  zone  exposed  on  the  Jumbo 
group  to  the  south,  and  the  ore  bodies  under  exploration  are  of  the 
same  general  type.  The  claims,  including  a  mill  site  at  tide  water, 
were  located  in  1901,  and  from  that  time  to  the  end  of  1905  the  de- 
velopments were  meager,  assessment  work  alone  being  done.  Early 
in  1906  the  properties  were  acquired  by  the  Cuprite  Copper  Company, 
two  more  claims  were  located,  and  active  developments  were  begiui. 
These  investigations  were  advanced  during  IDOT  wvt\\  ^\\c.o\x\^^\\\^ 
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results.  The  present  mining  camp  is  situated  at  1,500  feet  and  the 
mine  workings  between  1,600  and  1,700  feet  elevation.  At  1,600  feet 
a  tunnel,  100  feet  long  at  the  time  of  the  visit,  was  being  driven  to 
explore  the  ore  body  in  depth,  its  surface  exposure  being  100  feet 
above.  At  other  points  on  these  claims  short  exploratory  tunnels  and 
cuts  have  also  been  made. 

•  Ore  hody. — The  copper  deposit  on  which  investigations  are  being 
furthered  is  included  in  the  gamet-epidote  contact  rocK  which  occu- 
pies a  zone  from  25  to  75  feet  in  width  between  the  granodiorite  and 
limestone.  This  zone  strikes  N.  45°  E.  and  dips  steeply  to  the  north- 
west. The  ore  body  is  developed  on  the  surface  by  a  30- foot  cut  and 
a  15-foot  pit,  in  which  a  body  of  massive  chalcopyrite  ore  5  feet  wide 
is  exposed.  In  the  tunnel  which  enters  this  contact  zone  small 
amounts  of  copper  ore  are  present,  but  the  main  ore  body  is  not  yet 
undercut.  The  chalcopyrite  is  associated  with  magnetite,  pyrite,  and 
some  pyrrhotite.  The  observations  in  general  on  these  claims  showed 
a  less  amount  of  contact  metamorphism  and  not  so  great  a  develop- 
ment of  ore  as  was  noted  at  the  Jumbo  group. 

SULTANA   GROUP. 

Situation  and  development. — The  Sultana  group  of  six  claims  is 
located  on  the  north  side  of  Hetta  Inlet  about  1  mile  east  of  Sulzer 
and  extends  from  tide  water  to  an  elevation  of  1,000  feet  on  the  south 
slope  of  Beaver  mountain  (PI.  XI).  The  principal  developments 
have  been  on  the  Sultana  claim,  though  on  the  adjoining  claims,  the 
Index  and  Vulcan,  prospecting  has  been  advanced.  The  total  work- 
ings, however,  amount  to  little  more  than  the  amount  of  assessment 
required  each  year. 

Ore  hodies, — The  ore  bodies  exposed  are  contact-metamorphic  de- 
posits underlain  bv  a  granitic  intrusive,  banded  siliceous  limestone 
forming  the  hanging  wall.  A  gangue  of  garnet  and  epidote  with  con- 
siderable calcite  has  been  deposited  along  the  contact,  in  which  sul- 
phides of  copper  and  iron  are  sparingly  distributed  in  small  masses 
and  disseminated  particles. 

At  a  point  on  the  Sultana  claim  350  feet  in  elevation  and  one-third 
of  a  mile  from  the  beach  a  tunnel  130  feet  long  was  driven  in  the 
granodiorite  foot  wall  with  no  result.  Another  tunnel  430  feet  in  ele- 
vation exposes  at  its  entrance  a  mass  of  chalcopyrite  ore  3  feet  in 
width  and  then  crosscuts  the  garnet-epidote  gangue  rock  for  25  feet, 
showing  practically  no  ore.  On  the  Index  claim,  to  the  east  of  the 
Sultana  claim,  at  600  feet  elevation,  an  open  cut  60  feet  long  exposes 
small  amounts  of  chalcopyrite,  not  sufficient  to  make  a  profitable 
ore,  associated  with  magnetite  and  pyrrhotite  in  a  banded  garnet- 
epidote  rock.     On  the  Vulcan  claim,  north  of  the  Sultana  claun,  at 


COPPER   MINES.  105 

an  altitude  of  520  feet  is  an  open  cut  GO  feet  wide.  Here  garnet- 
epidote  rock  occurs  with  large  included  fragments  of  banded  lime- 
stone containing  pyrrhotite  and  chalcopyrite  in  masses  a  few  feet 
wide.  A  relatively  small  amount  of  ore  is  developed  on  these  prop- 
erties, but  future  explorations  may  reveal  new  and  larger  bodies. 
The  ore  at  this  prospect  was  reported  to  carry  cobalt  in  considerable 
amount,  but  a  sample  taken  by  the  writer  and  submitted  for  analy- 
sis gave  only  a  trace  of  cobalt  and  less  than  0.2  per  cent  of  nickel. 

COBBIN    MINE. 

Situation  and  development. — The  Corbin  mine  is  close  to  tide  water 
on  the  east  side  of  Hetta  Inlet,  IJ  miles  north  of  the  entrance  to 
Copper  Harbor.  This  property  of  four  claims  was  located  in  Feb- 
ruary, 1905,  and  the  following  summer  ore  shipments  were  made  to 
the  smelter  at  Coppermount.  Early  in  190G  the  mine  was  sold  to  the 
Alaska  Metals  Mining  Company,  which  began  active  development 
and  equipped  the  property  with  an  air  compressor,  a  hoist,  a  steam- 
power  plant,  and  erected  a  small  wharf  and  various  buildings.  The 
position  of  the  ore  body  necessitated  the  sinking  of  a  shaft  100  feet, 
and  at  this  depth  considerable  crosscutting  and  drifting  were  ex- 
tended to  investigate  the  ore  body  at  this  level.  Adjacent  to  the  shaft 
a  tunnel  has  been  driven  along  the  vein  for  210  feet,  but  the  results 
were  not  encouraging.  Operations  on  this  property  were  suspended 
during  the  winter  of  1907  and  have  not  since  been  renewed. 

Ore  bodies. — The  ore  body  is  a  vein  deposit  of  nearly  massive  sul- 
phide ore  inclosed  in  a  narrow  fissue  parallel  to  the  stratification  of  a 
greenstone-schist  country  rock.  The  vein  is  from  1  foot  to  3  feet  in 
width  and  has  been  exposed  about  250  feet  in  length,  striking  N.  70° 
W.  and  dipping  70°  SW.  A  tunnel  210  feet  in  length  was  driven 
along  the  vein  to  the  southeast  and  in  this  the  vein  narrows  to  a  thin 
gouge  seam  and  widens  again  at  several  points,  its  continuation  being 
indicated  by  the  bleached  appearance  of  the  country  rock.  The  foot 
wall  of  the  vein  is  a  dark-green  schist  and  appears  less  altered  than 
the  hanging  wall,  which  is  a  pale-green  talcose  schist.  Grooves 
caused  by  slipping  were  observed  on  both  the  foot  and  the  hanging 
wall.  These  grooves  pitch  50°  NW.,  and  this  is  the  direction  that 
the  ore  shoots  are  most  likely  to  follow.  In  the  vein  itself  occasional 
slickensides  were  observed,  indicating  movement  along  these  lines 
since  the  deposition  of  the  ore.  Dikes  of  diabase  from  2  to  4  feet  in 
width,  striking  N.  10°  E.  and  dipping  70°  NW.,  nearly  at  right 
angles  to  the  prevailing  rock  structure,  crosscut  the  vein  deposit. 
The  ore  is  principally  pyrite  containing  chalcopyrite  associated  with 
some  ouartz  and  calcite  as  ganguo  minerals.  Besides  the  small  per 
cent  of  copper  in  the  ore,  gold  and  silver  amounting  to  about  $3  in 
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value  per  ton  are  reported.    At  other  points  on  these  claims  explora- 
tion may  reveal  vein  deposits  similar  to  the  one  described. 

CX)PPER  CITY   MINE. 

Situation  and  development. — ^The  Copper  City  mine,  also  known 
as  the  Red  Wing  group,  consisting  of  four  claims,  is  situated  close 
to  tide  water  on  the  east  side  of  Hetta  Inlet,  7  miles  south  of  Copper 
Harbor.  This  property,  because  of  its  position  and  the  character  of 
the  deposit,  has  been  a  copper  producer  in  a  small  way  ever  since 
operations  first  began  in  1903,  the  ore  being  sacked  and  shipped  to 
the  Tacoma  Smelter.  The  developments  have  been  confined  to  the 
Red  Wing  claim,  where  the  vein  deposit  has  been  opened  by  an 
inclined  shaft  120  feet  in  depth.  From  this  shaft  two  levels,  50  feet 
and  100  feet  respectively  in  depth,  have  been  extended.  The  100- 
foot  is  the  working  level  and  this  has  been  extended  along  the  vein 
for  200  feet  to  the  north  and  for  50  feet  to  the  south  of  the  shaft.  At 
a  point  on  the  level  75  feet  north  of  the  shaft  a  60-foot  winze  has 
been  sunk  and  from  this  a  drift  50  feet  long  has  been  extended. 
Most  of  the  ore  above  the  100-foot  level  has  been  mined,  and  it  is 
proposed  to  sink  the  shaft  an  additional  100  feet  and  open  up  a  200- 
foot  level. 

Ore  body, — The  ore  body,  a  vein  deposit  of  nearly  massive  sulphide 
ore,  is  inclosed  in  a  slate-greenstone  country  rock  parallel  to  the  bed- 
ding plane  and  corresponds  in  general  character  to  the  ore  body  at 
the  Corbin  mine  already  described.  The  country  rock  grades  from 
a  black  slate  or  siliceous  schist  to  an  amphibole  schist  or  altered  green- 
stone, the  general  strike  being  N.  20°  E.  and  the  dip  60°  NW.  Cross- 
cutting  these  schists  and  also  the  vein  deposits  are  several  diabase 
dikes  1  foot  to  5  feet  in  width,  striking  in  a  N.  30°  W.  direction. 
These  dikes  were  intruded  after  the  main  ore  deposition,  but  subse- 
quent mineralization  has  deposited  small  amounts  of  mineral  in  vein- 
lets  entering  tliem,  and  the  ore  bodies,  where  crosscut,  usually  continue 
along  the  same  line  of  strike  on  opposite  sides  of  these  intrusives. 
The  vein  as  exposed  in  the  shaft  varies  from  6  inches  to  4  feet  in 
width,  narrowing  to  a  gouge  seam  at  100  feet  in  depth.  At  this 
level  the  vein  appeared  to  be  displaced  for  a  short  distance  toward 
the  foot-wall  side,  where  it  was  again  found,  and  on  it  the  60-foot 
winze  was  sunk,  in  which  the  vein  was  reported  to  have  a  considerable 
width.  Smaller  veins  of  similar  character  and  parallel  to  the  main 
vein  have  been  exposed  by  surface  cuts  and  trenches  at  other  points 
on  the  property,  but  none  of  these  have  been  developed. 

The  ore  is  composed  essentially  of  chalcopyrite,  pyrite,  sphalerite, 
and  rarely  hematite  (specularite),  associated  with  quartz,  calcite,  and 
epidote  as  gangue  minerals.  Surface  oxidation  has  altered  the  chal- 
copyrite in  places  to  limonite  and  cuprite,  and  along  jointing  cracks 
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in  the  country  rock  malachite  and  small  films  of  native  copper  were 
observed.  Besides  the  copper  content,  the  ore  contains  values  in  gold 
amounting  to  $3  to  $6,  and  silver  amounting  to  $1  to  $3,  besides  from 
6  to  9  per  cent  of  zinc. 

PROSPECTS  ON  GOULD  ISLAND. 

Gould  Island,  which  occupies  the  head  of  Hetta  Inlet,  is  about  2 
miles  in  length  and  less  than  1  mile  wide.  It  is  composed  essentially 
of  limestone,  siliceous  schists,  and  slate  intruded  by  a  granodiorite 
mass  which  occupies  the  eastern  portion  of  the  island  (PL  IX).  The 
prospects  are  located  at  the  southwest  end  of  the  island.  The  ore 
which  consists  of  galena,  spalerite,  and  chalcopyrite,  occupies  small 
veinlets,  and  is  finely  disseminated  in  a  belt  of  siliceous  limestone  30 
feet  wide,  striking  east  and  west,  with  a  steep  dip  to  the  north.  As- 
sociated with  the  ore  are  calcite,  quartz,  garnet,  epidote,  and  large 
amounts  of  wollastonite,  the  latter  occurring  in  the  adjacent  limestone 
in  radiating  masses.  A  tunnel  70  feet  long  has  been  driven  along  the 
foot  wall  of  this  mineralized  belt,  where  it  is  in  contact  with  slate, 
and  scattered  occurrences  of  ore  are  shown.  Just  north  of  the  tunnel 
is  an  open  cut  and  a  shaft  10  feet  deep,  exposing  mineralized  rock  of 
the  same  character.  About  300  feet  east  of  these  workings  is  another 
open  cut  and  a  pit  10  feet  deep  on  the  same  belt.  The  amount  of  ore 
exposed  on  these  claims  at  the  timie  of  the  writer's  examination  was 
small  and  of  low  grade. 

PROSPECTS    AT    HEAD    OF    COPPER    HARIiOR. 

The  prospects  at  the  head  of  Copper  Harbor  indicated  on  the  map, 
excepting  the  Paris  vein,  are  all  contact-metamorphic  deposits  and  lie 
adjacent  to  the  same  granodiorite  batholith  exposed  on  the  Copper 
Mountain  and  Jumbo  groups  (PI.  IX).  On  none  of  tJiese  chums 
have  the  developments  exceeded  the  assessment  requirements.  On  the 
Paris  group  of  claims,  located  at  300  feet  elevation,  about  a  half  mile 
from  the  beach,  a  tunnel  115  feet  in  length  has  been  driven  along  a 
small  quartz  vein  1  foot  wide  striking  northeasterly  and  containing 
low  values  in  copper  and  gold.  The  country  rock  is  a  banded  quaiizite 
striking  N.  40°  W.  and  dipping  40°  to  60°  SW.  The  Gould  group, 
which  lies  north  of  Reynolds  Creek  and  at  300  feet  elevation,  one- 
half  mile  from  Copper  Harbor,  is  l(K'ated  along  the  granodiorite 
contact  with  quartzite  which  at  this  point  strikes  S.  20°  E.  A 
tunnel  50  feet  long  crosses  the  contact  rock  and  enters  the  granite, 
which  also  carries  small  amounts  of  chalcopyrite  and  pyrrhotite 
scattered  near  the  contact  in  fine  particles.  A  40-foot  shaft  at  the 
mouth  of  the  tunnel  exposes  the  mineralized  garnet-epidote  rock, 
showing  a  banded  structure  striking  parallel  with  the  contact  and 
dipping  60°  SW.    About  a  mile  northeast  of  the  Gould  giou\)  v^wd 
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at  100  feet  elevation  is  the  Bussian  Bear  claim,  and  adjoining  this 
on  the  north  the  Texas  claim  at  1,450  feet  elevation.  The  contact- 
metamorphic  deposits  on  both  these  claims  flank  the  western  slope 
of  the  granodiorite  batholith,  and  the  developments  consist  mainly 
of  open  cuts  and  trenches,  in  which  only  small  ore  masses  have  been 
exposed. 

PROSPECTS  ON  HETTA  MOUNTAIN. 

Hettii  Mountain,  which  lies  southeast  of  Copper  Harbor,  is  made 
up  essentially  of  limestone  and  quartzites,  its  northern  slope,  as  indi- 
cated on  the  map  (PI.  IX),  being  bordered  by  the  granodiorite  in- 
trusive. Two  claims  have  been  located  on  contact  deposits  similar 
to  those  described  along  the  intrusive  contact  about  1  mile  from  Cop- 
per Harbor  and  at  900  feet  elevation.  The  ore  bodies  have  been 
prospected  by  three  tunnels,  one  20  feet,  one  25  feet,  and  one  30  feet 
in  length,  and  several  open  cuts  in  which  small  masses  of  chalcopy- 
rite  and  pyrrhotite  are  exposed  in  the  garnet-epidote  contact  rock. 
The  quartzitic  schist  country  rock  to  the  south,  which  forms  the 
hanging  wall  of  the  deposits,  strikes  east  and  west  with  nearly  verti- 
cal dip,  tmd  is  intersected  by  granitic  and  pegmatitic  dikes. 

In  a  gulch  at  1,380  feet  elevation  another  prospect  is  located  on  a  . 
vein  deposit  consisting  of  garnet  with  some  epidote  and  sulphide  ores 
in  the  siliceous  schists.  At  this  point  a  tunnel  30  feet  long  has  been 
driven  along  the  vein  and  at  the  entrance  a  small  mass  of  chalcopy- 
rite  ore  is  exposed.  On  the  ridge  of  Hetta  Mountain  the  quartzites 
alternate  with  limestone  strata  having  a  N.  80°  E.  strike,  and  in- 
truding these  beds  are  occasional  masses  of  granodiorite.  Along  the 
contact  of  one  of  these  dikes  at  2,480  feet  elevation,  on  the  north  slope 
of  the  ridge,  a  contact-metamorphic  deposit  occurs  which  contains 
both  the  sulphide  and  the  carbonate  ore  of  copper.  A  timnel  15  feet 
long  and  considerable  stripping  constitute  the  developments  and  ex- 
pose* small  masses  of  the  copper  ore  in  a  garnet  gangue.  Southeast  of 
this  prospect  on  the  opposite  side  of  the  ridge,  at  2,500  feet  elevation, 
an  iron  capping  has  been  explored  by  trenches,  and  in  these  also  small 
amounts  of  copper  ore  are  exposed. 

KASAAN  PENINSULA. 

GENERAL  I)f:SCRIPTION. 

Kasaan  Peninsula  is  a  promontory  on  the  east  side  of  Prince  of 
Wales  Island  18  miles  in  length  and  from  3  to  G  miles  wide,  project- 
ing into  Clarence  Strait  and  sheltering  Kasaan  Bay  (see  fig.  1,  and 
map,  PI.  I.  in  pocket).  It  is  a  steep,  heavily  timbered  mountain 
ridge  with  sunmiits  reaching  altitudes  of  1,000  to  3,000  feet.  The 
range  is  dissected  near  the  center  of  the  peninsula  by  a  low  pass  400 
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feet  at  its  highest  point,  extending  from  the  "  Hole  in  the  Wall  "  to 
a  point  3  miles  southeast  of  Kasaan  village.  At  the  northeastern  end 
of  the  peninsula  is  also  a  broad,  low  marshy  valley  4  miles  in  length, 
extending  from  the  head  of  Tolstoi  Bay  to  a  point  3  miles  north- 
west of  Kasaan,  and  another  low  pass  3  miles  long  from  the  head  of 
Thome  Bay  to  the  east  side  of  Karta  Bay.  The  timber  on  the  penin- 
sula extends  to  an  elevation  of  from  1,500  to  1,800  feet,  below  which 
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Fio.  1. — Map  of  Kasaan  IVnInKula,  showlni?  mine  locatlonH. 

a  dense  undergrowth  renders  prospecting  difficult.     The  summits  of 
the  ridges  are  open  except  for  small  clusters  of  scrubby  pine. 

The  relief  of  the  peninsula  is  typical  of  the  more  mature  topog- 
raphy of  the  islands  as  compared  with  the  rugged,  more  abrupt  to- 
pography of  the  mainland.  The  mountain  summits  are  dome  shaped 
and  on  them  are  large  erratic  bowlders,  an  evidence  oi  g\«Lev«A!\oT\. 
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The  valleys,  which  extend  noithward  from  near  the  head  of  Kasaan 
Bay,  are  broad  and  contain  many  lakes,  and  m  them  are  deep  de- 
ix)sits  composed  of  large  and  small  bowlders  embedded  in  glacial 
clay.  The  islands  and  shoals  at  the  entrance  to  £[arta  Bay  are  made 
up  entii-ely  of  these  glacial  deposits  and  represent  the  end  moraines 
left  by  former  ice  fields. 

The  occurrence  of  copper  on  Elasaan  Peninsula  was  known  to  the 
Russians  as  early  as  1865,  but  not  until  1900  did  active  mine  develop- 
ments begin.  It  is  now  the  principal  copper-prpducing  area  in  soutii- 
eastern  Alaska. 

OEOLOOT. 

Kasaan  Peninsula  is  composed  largely  of  underlying  intrusive  rocks, 
including  granodiorite,  syenite,  hornblende  diorite,  and  more  rarely 
gi-anitc.  These  rocks  invade  limestone  beds  and  strata  of  highly 
altered  sedimentary  and  pyroclastic  rocks  ranging  from  greenstone 
tuffs  to  sandstones  and  conglomerates  composed  principally  of  igneous 
material. 

Stratified  rocks. — The  stratified  rocks  include  those  of  sedimentary 
and  volcanic  origin.  They  occur  principally  on  the  northern  portion 
of  the  peninsula  and  adjacent  to  Tolstoi  and  Thorne  bays,  and  are 
made  up  of  a  series  of  metamorphosed  bedded  rocks  altered  to  horn- 
fels  and  mica  schists  and  often  highly  epidotized  and  containing 
aniphibole  and  pyroxene  ciystals.  These  range  in  texture  from  fine- 
grained tuffs,  slates,  and  sandstones  to  coarse  conglomerates.  Tlie 
conglomerates  contain  many  fragments  and  pebbles  of  igneous  rocks 
as  well  as  of  limestone  and  quartzite.  The  sandstones  and  greenstone 
tuffs  are  composed  largely  of  volcanic  material,  and  because  of  their 
induration  they  closely  resemble  massive  igneous  rocks.  In  most 
j)hi(es  their  fragmentary  character  may  be  recognized.  The  limestone 
beds  exposed  on  the  peninsula  are  entirely  recrystallized,  and  both  evi- 
dence of  structure  and  organic  remains  are  lacking.  They  are  of  im- 
j)()rtance  because  of  their  association  with  and  relation  to  the  ore 
deposits.  Limestone  Ix^ds,  conformably  underlain  by  sandstones  com- 
posed largely  of  igneous  material,  occur  on  Long  Island,  which  occu- 
pies the  central  portion  of  Kasaan  Bay  and  lies  1  mile  southwest  of 
Kasaan  Peninsula.  Interst ratified  in  these  limestone  beds  near  their 
contact  with  the  underlying  rocks  are  thin  beds  of  sandstone  and 
conglomerate,  most  of  the  pebbles  in  the  latter  being  of  porphyry. 
In  the  limestone  beds  themselves  Devonian  fossils  are  abundant; 
collections  in  this  locality  were  first  made  in  1901  by  Brooks,  and  in 
1905  a  more  complete  collection  was  made  by  E.  M.  Kindle.  BecaiLse 
of  the  analog>^  of  these  rocks  to  those  on  Kasaan  Peninsida,  the  latter 
are  provisionally  considered  to  be  Devonian. 

The  structure  of  the  sedimentaries  exposed  on  Long  Island  is 
of  interest  because  of  the  two  systems  of  folding  represented,  an 
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older  system  of  small  folds  with  a  northeasterly  strike  and  a  later 
system  of  broader  folds  which  trend  to  the  northwest  and  behmg  to 
the  main  system  of  the  Coast  Eange.  On  the  peninsula  the  structure 
of  the  bedded  rocks  has  been  so  greatly  interrupted  by  the  intrusive 
masses  that  no  persistent  lines  of  strike  and  dip  could  be  followed, 
though  the  most  prominent  direction  of  the  bedding  planes  was  from 
northwest  to  west  with  a  steep  dip  to  the  southwest.  Two  prominent 
jointing  systems  are  also  present  on  the  peninsula,  the  one  striking 
N.  15**  to  25°  E.  with  a  dip  60**  to  80"  SW.  and  the  other  striking 
N.  50®  to  70**  W.  with  a  steep  dip  to  the  northwest. 

hitrusire  rocks. — The  intrusive  rocks  occurring  on  Kasaan  Penin- 
sula all  invade  the  sedimentary  strata  and  are  therefore  of  more  re- 
cent age.  The  principal  intrusive,  however,  is  the  granodiorite  which 
forms  the  entire  southern  portion  of  the  peninsuhi  and  occupies  wide 
areas  in  the  central  and  northwestern  portions.  But  little  is  known 
of  the  rocks  .that  were  intruded  into  this  area  previous  to  the  granodi- 
orite,  this  being  the  oldest  intrusive  rock  recognized.  The  granodi- 
orite  intrusives,  however,  vaiy  considerably  in  composition  and  prob- 
ably represent  several  periods  of  igneous  invasion  during  one  geu; 
eral  epoch,  though  in  some  instances  this  difference  can  undoubtedly 
be  attributed  to  segregations  within  the  igneous  magma  during  solidi- 
fication. After  the  intrusion  of  the  granodiorite,  granite  and  syenite 
dikes  or  masses  many  hundred  feet  in  width  were  intruded,  besides 
numerous  pegmatite  and  aplite  dikes.  Somewhat  later  or  possibly 
during  the  same  period  rocks  more  basic  intruded  the  area  in  the 
form  of  dikes.  These  were  follow^ed  by  felsitic  dikes  from  one  to 
several  hundred  feet  in  width.  Still  more  recent  are  the  diabase 
and  basaltic  dikes,  all  of  which  are  later  than  the  ore  bodies. 

ORK    I)KIf).SITS. 

The  occurrence  of  ore  on  Kasaan  Peninsula  is  similar  to  that  in 
the  vicinity  of  Hetta  Inlet.  The  ore  bodies  are  contact-inetaniorphie 
deposits  occurring  usually  at  the  contact  of  an  intrusive  syenite  mass 
with  limestone  and  in  some  places  with  greenstone  tuff  or  conglom- 
erate. They  are  included  in  a  garnet-epidote  gangue  and  are  gen- 
erally associated  with  magnetite,  this  mineral  forming  in  many  phuvs 
half  of  the  gangue.  The  principal  mineral  zone  defined  on  this 
peninsula  follows  the  contact  of  a  syenite  intrusive  mass  with  a  nar- 
row belt  of  limestone,  and  is  traceable  from  the  east  side  of  Mamie 
Greek  for  2  miles  in  a  westerly  direction.  This  zone  ranges  from  100 
to  800  feet  in  width,  though  because  of  its  flat  dip  and  its  conformity 
with  the  contour  of  the  mountain  slope  it  appears  locally  to  1h»  mu(»li 
wider.  The  Mamie,  Stevenstown,  and  Mount  Andrew  mines  are  in- 
cluded within  this  zone.     Another  smaller  belt  of  contact  deposits 
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appears  to  follow  along  the  western  side  of  the  peninsula  about  1  mile 
inland,  beginning  3  miles  northwest  of  Kasaan  and  continuing  north- 
westward to  Karta  Bay.  The  Sea  Island,  Haida,  and  Coppercenter 
prospects  are  included  in  this  belt.  Besides  the  contact-metamorphic 
deposits,  copper  ores  associated  with  quartz  are  found  occupying 
sheer  zones  in  the  greenstone  tuffs  and  conglomerates  at  the  head  of 
Karta  Bay,  namely,  in  the  Eush  &  Brown  mine  and  at  the  Venus  pros- 
pect. On  the  east  side  of  Karta  Bay  bomite  and  chalcopyrite  occur 
in  small  masses  and  are  disseminated  throughout  a  basic  diorite  in- 
trusive belt  on  the  Goodro  and  Stevens  prospects.  Vein  deposits 
containing  essentially  silver-lead  ores  occur  in  the  limestones  north- 
east of  Kasaan. 

The  persistency  of  these  various  ore  bodies  depends  largely  upon 
the  type.  The  contact  deposits  are  generally  irregular  masses  of 
small  extent  as  a  rule  and  no  more  persistent  in  depth  than  they  are 
laterally;  but  where  the  contact  zone  is  extensive,  investigations 
within  it  will  probably  reveal  similar  ore  masses  both  laterally  and  in 
depth.  The  copper-iron  sulphide  deposits  in  shear  zones  in  the  strati- 
fied rocks  are  more  persistent  than  the  contact  ore  bodies  and  will 
probably  extend  to  a  considerable  depth.  The  vein  deposits  in  the 
limestones  will  also  be  extensive  in  depth,  but  will  vary  considerably 
in  width,  often  narrowing  to  a  mere  seam. 

To  judge  from  analogous  deposits  of  the  latter  type,  it  is  possible 
that  the  lead-silver  ores  will  be  replaced  by  copper  ores  in  depth. 

MAMIE    MINK. 

Situation  mid  development, — The  Mamie  mine,  owned  by  the 
Brown  Alaska  Company,  is  situated  1}  miles  south  of  Hadley,  at 
an  elevation  of  700  feet,  in  the  central  portion  of  Kasaan  Penin- 
sula (figs.  1  and  2).  The  mine  workings  are  connected  with  the 
smelter  at  Iladley  by  an  aerial  tram  5,500  feet  in  length  and  with  the 
beach  by  a  horse  tram  7,700  feet  in  length.  The  horse  tram  is  used 
for  the  transportation  of  supplies.  Mine  developments  in  a  large  way 
were  not  begun  until  1904.  During  that  year  the  ore  bodies  were 
explored  by  numerous  open  cuts,  tunnels,  and  diamond-drill  holes. 
Tn  the  following  year  mining  of  the  ore  was  begun  from  the  open 
pits  and  new  ore  bodies  were  developed  by  tunnels  and  shafts.  At 
the  close  of  1905  considerable  ore  was  delivered  to  the  smelter,  and 
throughout  190G  the  production  was  large.  In  1907  diamond-drill 
investigations  were  advanced,  new  ore  bodies  were  located  at  greater 
depth,  and  the  ore  production  continued  with  little  interruption  until 
late  in  September.  In  October  all  operations  were  suspended.  The 
total  developments  consist  of  5,000  feet  of  tunneling,  drifting,  and 
crosscutting  and  about  the  same  amount  of  diamond-drill  prospecting. 
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The  smelter  or  reduction  plant  at  Hadley,  belonging  to  the  Alaska 
Smelting  and  Refining  Company,  is  controlled  largely  by  the  owners 
of  the  Mamie  mine  (PI.  XI,  B).    It  consists  of  a  blast  furnace  of 


Fio.    2. — ^ICap  Rhowing  jiroportios  of  tho  Urown   Alaska  Company,    Iladley   Consolidated 
Company,  nnd  tho  Mount  Andrew  Mining  Company. 

350  tons,  daily  capacity,  a  .snniplin<r  mill,  coal  and  coke  bins,  ore 
bunkers  of  10,(KK)  toii.s  capacity.  lK)ilcr  house,  cupm^  \\o\\sv^.  vA^eVxxe,- 
•I0S40— HiiJj.  :U7   as-     s 
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light  plant,  and  other  conveniences.  The  ores  from  the  Mamie  and 
Stevenstown  mines  first  go  through  the  samplers,  next  to  the  ore 
bunkers  by  gravity,  and  thence  by  gravity  to  the  furnace.  The  slag 
from  the  furnace  is  granulated  and  carried  by  water  to  the  beach.  A 
cable  tramway  extends  from  the  wharf  to  bins  above  the  sampling 
mill,  which  have  been  built  to  receive  custom  ore.  The  plant  is  so 
arranged  that  its  daily  capacity  may  be  doubled  if  necessary.  Smelt- 
ing operations  began  December  5,  1905,  and  in  1906  the  furnace  was 
in  blast  about  twenty  days  each  month.  In  September,  1907,  this 
plant  was  closed. 

Ore  bodies, — The  ore  bodies  at  the  Mamie  mine  are  contact  meta- 
morphic  deposits  included  in  a  zone  400  feet  wide  lying  between  a 
syenitic  intrusive  and  limestone.  Within  this  zone  the  masses  of 
valuable  copper  ore  are  defined  either  by  such  a  decrease  in  the  copper 
content  of  the  inclosing  rock  as  to  prohibit  profitable  extraction 
or  by  fault  planes.  Garnet,  epidote,  and  magnetite  compose  the 
contact  rock.  Chalcopyrite  is  present  throughout  in  small  quantities. 
The  ore  bodies  or  portions  of  the  contact  rock  where  the  concentra- 
tion of  the  copper  values  is  sufficient  to  make  ore  are  irregular  masses 
ranging  from  50  to  100  feet  in  length  and  thickness  and  from  10  to  • 
40  feet  in  width,  the  major  axis  striking  northw^ard.  Nine  such  ore 
masses  are  exposed  in  the  mine  workings.  Some  of  them  are  in- 
cluded entirely  in  maglietite  masses,  thus  making  basic  ore,  while 
others  occur  in  the  garnet-epidote  gangue  rock,  making  a  siliceous 
ore.  Small  veinlets  of  calcite  and  rarely  quartz  intersect  the  ore 
masses,  thus  indicating  a  later  period  of  mineral  deposition,  though 
the  main  ore  deposits  are  believed  to  have  been  deposited  contempora- 
neously Nvith  the  inclosing  contact  rock. 

STKVKXHTOWN      MINE. 

Sitvation  and  dn^elopnwnt, — The  Stevenstown  mine,  owned  by  the 
Hadley  Consolidated  Copper  Company,  is  situated  just  above  and 
southwest  of  the  Mamie  mine  at  an  elevation  of  1,000  feet  (fig.  2). 
From  the  mine  a  surface  tram  700  feet  long  connects  with  the 
aerial  tram  at  the  Mamie  mine,  over  which  the  ore  is  transported 
to  the  smelter  at  Hadley.  A  trail  also  leads  from  the  mine  down 
the  south  side  of  the  peninsula  to  Boggs  Landing,  on  Kasaan  Bay,  a 
distance  of  1  mile.  The  mine  has  been  developed  by  three  "glory 
lioles'*  or  open  pits  connected  by  rais(\s  \\\{\\  a  r)r)0-foot  tunnel  pene- 
trating the  crest  of  the  mountain.  Actual  mining  developments  were 
first  begun  in  June,  1005,  previous  to  which  time  prospecting  alone 
had  been  carried  on,  and  in  September  of  that  year  ore  sliipments  to 
the  Iladlev  smelter  began.  A  large  amomit  of  ore  was  produced 
during  1000,  and  until  the  first  of  July,  1907,  when  mining  operations 
were  suspended. 
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Ore  bodies. — The  ore  bodies  ou  the  Stevenstowii  property  corre- 
spond both  mineralogically  and  genetically  with  those  at  the  Mamie 
mine  (PI.  XI,  A).  They  occupy  a  relatively  flat  position  on  the 
crest  of  the  mountain  ridge  and  are  apparently  underlain  by  the  sye- 
nite intrusive  which  forms  the  foot  wall  of  the  mineral  belt  and  which 
is  exposed  throughout  the  tunnel  that  penetrates  the  mountain  top. 
The  hanging  wall  as  well  as  a  large  portion  of  the  ore  bodies  on  this 
property  have  been  removed  by  erosion  and  the  contact  zone  is  only 
from  20  to  40  feet  in  width  instead  of  200  to  400  feet,  the  width  on 
the  Mamie  property  just  below.  To  the  northeast  of  the  ore  bodies 
strata  of  limestone  and  greenstone  tuff  occur  and  continue  westward 
toward  the  Mount  Andrew  mine,  forming  the  hanging  wall  of  the 
mineral  zone. 

The  mine  workings  are  all  surface  pits  connected  by  raises  with 
the  main  tunnel,  and  in  these  several  relatively  flat-lying  ore  masses 
have  been  developed.  These  masses  are  included  within  an  area 
350  by  200  feet,  the  pits  being  from  20  to  40  feet  deep.  The  central 
portion  of  this  area  is  traversed  in  a  southerly  direction  by  a  40-foot 
felsite  dike,  which  is  of  later  intrusion  tlian  the  syenite  and  cross- 
cuts the  ore  body.  Smaller  dikes  of  diabase  and  basalt  1  foot  to  5 
feet  in  width  were  observed  crosscmtting  the  ore  bodies  and  country 
rock  at  several  points  in  these  mine  workings. 

The  ore  is  composed  largely  of  magnetite,  chalcopyrite,  and  pyrite 
associated  with  hornblende  and  calcite,  all  of  which  are  included  in 
a  more  or  less  banded  garnet-epidote  gangue. 

Surface  oxidation  has  prodnced  considerable  limonite  and  some 
malachite  and  azurite;  small  particles  of  native  copper  also  occur 
along  slipping  planes,  though  these  secondary  minerals  are  relatively 
unimportant. 

MOI'XT    ANDREW    MINK. 

Situation  and  development. — The  Mount  Andrew  mine  workings 
are  situated  three-fourths  of  a  mile  from  Mount  Andrew  landing  on 
the  southwest  side  of  Kasasui  Peninsula  and  (me-half  mile  west  of 
the  Stevenstown  mine,  at  an  elevation  of  1,400  feet.  A  cable  tram- 
way 3,600  feet  long  leads  from  the  mine  over  a  1,440-foot  knoll  just 
south  of  the  workings  to  the  ore  bunkers  and  a  wharf  at  Mount 
Andrew  landing  (fig.  2). 

This  mine  is  developed  principally  by  a  tunnel  020  feet  long,  un- 
dercutting the  ore  bodies  from  ()0  to  100  feet  or  more  in  depth.  From 
this  tunnel  several  hundred  feet  of  drifting  and  crosscutting  have 
been  driven,  and  upraises  extended  through  the  ore  bodies  to  tlu* 
surface.  The  ore  is  mined  out  of  large  underground  stopes  and  from 
surface  pits  or  glory  holes,  and  is  delivered  through  chutes  at  tunnel 
level  to  the  ore  bunkers  at  the  head  of  the  aerial  tram  and  thence 
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carried  to  the  wharf,  where  it  is  loaded  for  shipment.  Developments 
in  a  large  way  were  not  begun  until  late  in  1905,  and  during  1906  the 
aerial  tram  was  erected,  the  wharf  huilt,  the  compressor  plant  in- 
stalled, and  considerable  ore  developed.  The  first  ore  shipments 
were  made  in  October,  1906,  and  production  continued  until  October, 
1907,  when  operations  were  suspended. 

Ore  hodies, — The  ore  deposits  on  this  property  are  included  in  the 
same  mineral  l)elt  as  those  at  the  adjacent  Mamie  and  Stevenstown 
mines,  with  which  they  are  in  every  way  comparable.     Six  ore  bodies 


Altered  country  rock 
rich  in  majfnetite 


Magnetite-chalcopyrite 
ore  bodies 


Syenite  -porphyry 
dikes 


Fio.  3. — rian   and  cross  soctloii  of  Mount   Andrew   mine   workings,   sliowinK   positions   of 

on*   l)<)dles. 

consisting  of  irregular  niagnotite-chalct)i)yrite  masses  associated  with 
the  garnet-epidolc  contact  rock  have  been  develojx'd  and  mined  to  a 
consi(leral)le  extent.  These  hixiies  of  ore  are  from  10  to  ."iO  feet  wide, 
40  to  80  feet  long,  KM)  feet  or  more  in  depth,  and  have  a  general 
northerly  strike  and  |)itch.  Thvy  are  separated  by  barren  areas  of 
contact  rock  Jind  tbkes  '20  to  (>()  feet  of  jdteied  syenite  porphyry 
(fig.  'M.  The  mine  workings  c(»nsist  essentially  of  surface  pits  wliich 
;)re  undercut  by  a  crosscut  tunnel  rniuiing  east  and  west.    This  tuiuiel 
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with  connecting  drifts  antl  raist»s  iucludes  '2,200  feet  of  underground 
<le\'elopnients.  Nimierous  gouge  seams  and  slickensides  indicating 
faulting  were  observed  in  the  mine  workings,  and  hiteral  disphice- 
nients  of  the  ore  bodies  from  1  to  (>  feet  were  noted.  Dikes  of  diabase 
and  felsite  from  2  to  12  feet  wide  crosscut  the  ore  bodies  and  country 
rock  in  various  directions  and  were  evidently  intruded  later  than  the 
formation  of  the  ore  deposits. 

At  other  points  on  Mount  Andrew  large  masses  of  the  magnetite 
carrying  but  a  small  percentage  of  copper,  insufficient  in  amount  to 
make  a  copper  ore,  have  been  developed.  These  deposits,  though  not 
valuable  for  copper  alone,  may  at  some  future  time  be  of  importance 
as  a  source  of  iron  ore. 

UNCLE    SAM    MINE. 

Situation  and  development, — The  Uncle  Sam  mine,  originally 
called  the  White  Eagle  group,  lies  3  miles  northwest  of  Mount 
Andrew  landing  and  one-half  mile  from  Kasaan  on  the  south  slope 
of  Kasaan  Peninsula  (see  fig.  1).  The  mine  workings  are  430  to  550 
feet  in  elevation  and  less  than  half  a  mile  from  the  beach.  Mining 
operations  have  been  advanced  on  this  property  at  various  intervals 
since  its  discovery  in  1899,  and  in  1901  an  aerial  tram,  ore  bunkers, 
and  a  wharf  were  built.  Early  in  1906  a  shipment  of  ore  was  made, 
but  no  further  work  was  done  until  March,  1907.  At  that  time  oper- 
ations were  renewed,  continuing  until  July,  when  another  ore  ship- 
ment was  made.  The  mine  is  developed  by  a  tunnel  and  drifts, 
amounting  to  about  800  feet  in  length,  and  by  open  pits  exposing  the 
ore  body  on  the  surface  above  the  tunnel.  From  this  working  tunnel 
a  surface  tram,  1,150  feet  long,  conveys  the  ore  to  the  wharf. 

Ore  body. — The  ore  body  exposed  in  the  tunnel  consists  of  an  ir- 
regular lens  of  chalcopyrite-pyrite  ore  G  to  8  feet  in  width,  striking 
north  and  south  and  pitching  about  45°  N.  It  is  cut  olf  to  the  north 
by  an  east-w^est  fault  dipping  80°  N.,  w  hich  shows  but  a  small  amount 
of  gouge.  At  the  open  cut  above  the  tunnel  similar  masses  of  ore  are 
exposed,  but  no  Jarge  ore  bodies  have  been  defined.  Garnet,  epidote, 
magnetite,  and  calcite  occur  as  gangue  minerals  and  in  many  places 
form  small  geodes.  The  chalcopyrite  ore  contained  in  this  gangue 
rock  is  irregularly  distiibuted  in  small  masses  and  not  along  definite 
lines.  The  country  rock  is  made  up  of  strata  of  chloritized  and  epi- 
dotized  greenstone  tuff  which  are  underlain  by  the  intrusive  sy?nite 
and  are  crosscut  by  small  dikes  of  diabase,  of  later  origin  than  the  ore 
bodies. 

COPPEK   QUEEN    GKOUP. 

The  Copper  Queen  gnnip  of  claims,  which  represent  the  first  cop- 
per locations  on  Prince  of  Wales  Island,  lies  about  one-half  mile 
southeast  of  Kasaan.     In  1898  these  claims  were  sold  to  tUe  Ksvsssl^xi 
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Bay   Milling  Company,  which   made  additional   locations.     Sma*^ 
operations  were  in  progress  from  1809  until  1002,  and  500  feet  o* 
tunneling  was   done   besides  surface  excavations.     Since   1903  tb^ 
property  has  been  idle. 

The  principal  ore  deposit  is  exposed  along  the  side  of  a  gulch  at  ^ 
point  300  feet  in  elevation.  It  consists  of  an  irregular  mass  of  chalco^^ 
pyrite  ore  accompanied  by  pyrite  and  magnetite  in  a  gamet-epidot^^ 
gaiigue,  at  the  contact  of  an  altered  intrusive  syenite  with  the  green — 
stone  f uflf.  Below  these  exposures  a  crosscut  tunnel  400  feet  in  lengtl^' 
has  been  driven  in  the  altered  syenite,  but  has  failed  to  reveal  any  ore-^ — 

Other  mineral  exposures  occur  on  these  claims  at  points  close  to^ 
tide  w^ater  and  have  been  prospec^ted  by  shafts  and  open  cuts,  but  so 
far  no  important  deposits  have  been  discovered. 

l»OOR    MAN*8   GBOUP. 

The  Poor  Man's  group  of  two  claims  is  located  2  miles  northwest  of 
Kasaan  (fig.  1).  The  mine  workings  are  connected  with  deep  water 
by  a  surface  tramw^ay  and  wharf,  having  a  total  length  of  about 
2,000  feet.  The  principal  developments  are  at  the  head  of  the  tram- 
way and  consist  of  a  tunnel  driven  90  feet  in  a  southwesterly  direc- 
tion, which  crosscuts  a  40-f()ot  body  of  magnetite  ore  and  30  feet 
of  garnet-epidote  contact  rock,  and  at  its  face  enters  a  wide  dike 
of  red  syenite  for  20  feet.  At  a  point  80  feet  from  the  mouth  of  the 
tunnel  is  a  vertical  shaft  extending  :30  feet  to  the  surface  and  60  feet 
in  (lej)th.  This  body  of  nia<riietite  is  exposed  on  the  surface  above 
the  tunnel,  and  similar  masses  have  been  prospected  by  short  tunnels 
and  cuts  and  shafts  at  points  alon*;  the  tramway  and  on  adjoining 
properties.  Associated  with  the  niajj^netite  are  large  amounts  of  cal- 
("ite  and  hornblende,  some  pyrite  and  chalcopyrite,  and  garnet  and 
epidote.  Althou^j^h  the  magnetite  deposit  itself  is  extensive,  the 
chalcopyrite  ore  occurs  only  in  isolated  pockets  or  narrow  veinlets 
and  is  not  disseminated  throughout  the  magnetite  in  sufficient 
amounts  to  make  a  copper  ore  of  the  entire  body.  -It  is  noteworthy, 
however,  that  these  ore  bodies  may  be  of  value  for  their  iron  content. 
Minor  displacements,  due  to  faulting  on  slipping  planes,  and  dikes 
of  diabase  and  felsite  crosscutting  the  deposits  were  noted. 

i:a(;i,k's   nkst  (;k()1  r. 

The  Eagle's  Xest  group  of  claims,  situated  4  miles  northwest  of 
Kasaan,  was  first  located  in  lOOC),  and  in  the  same  year  was  bonded 
to  the  Sea  Island  Copper  Mining  Company.  Operations  by  this 
company  were  begun  in  Octol)er,  100(),  and  continued  in  a  small 
way  until  September,  1007,  w^hen  the  property  reverted  to  the 
owners. 
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The  developments  have  been  confined  to  the  mineral  expasures 
on  the  Alarm  claim  at  an  elevation  of  400  to  500  feet.  On  the  south- 
east end  of  this  claim  is  a  70-foot  tunnel  essentially  in  a  garnet- 
epidote  rock  in  which  a  small  amount  of  ore  occurs  near  the  face. 
Just  above  the  tunnel  a  body  of  magnetite-chalcopyrite  ore  8  feet 
wide  and  20  feet  long  is  exposed  in  an  open  cut,  beneath  which  are 
beds  of  limestone.  Above  this  near  the  summit  of  the  ridge  is  an 
open  cut  and  shaft  12  feet  deep  exposing  small  amounts  of  ore 
associated  with  garnet  in  limestone.  On  the  northwest  end  of  this 
claim  an  open  cut  and  a  shaft  35  feet  deep  expose  masses  of  chalco- 
pyrite  associated  with  various  contact  minerals  in  a  coarsely  crystal- 
line limestone.  Above  the  latter  workings  diorite  is  exposed  and 
forms  the  upper  portion  of  the  ridge.  Xo  large  copper  deposits  have 
been  developed  on  these  claims,  though  further  investigation  may 
reveal  important  ore  bodies. 

TAYLOR    PROSPECT. 

The  Taylor  prospect,  located  early  in  1907  as  the  It  claim,  adjoins 
the  Eagles  Nest  gix)up  on  the  east.  On  this  prospect,  at  a  point 
GOO  feet  in  elevation,  a  body  of  chalcopyrite  ore  in  a  gangue  of 
garnet  and  epidote  has  been  exposed  by  surface  cuts  over  an  area  of 
20  by  40  feet.  The  ridge  to  the  southwest  or  the  foot-wall  side  is 
composed  of  diorite,  and  below  the  prospect  to  the  northeast  lime- 
stone beds  are  exposed. 

MAMMOTH    GROUP. 

Situation  and  development. — The  Mammoth  group  lies  on  the 
east  side  of  Karta  Bay,  about  6  miles  from  Kasaan  and  one-third 
of  a  mile  from  tide  water  on  the  top  of  a  low  hill  500  feet  in  eleva- 
tion (fig.  4).  The  property  was  largely  developed  in  1904-5  by 
the  original  owners  and  in  June,  1906,  was  sold  to  the  Haida  Copper 
Company,  which  began  active  developments  and  made  plans  for 
the  erection  of  a  gravity  tram  2,000  feet  in  length  to  the  beach  and 
for  a  wharf  and  ore  bunkers.  In  April,  1907,  these  improvements 
were  completed  and  the  company  made  shipments  of  ore  to  the 
Hadley  smelter.  Early  in  the  summer,  however,  operations  were 
suspended,  and  the  mine  has  since  been  idle.  The  mine  is  devel- 
oped by  a  tunnel  120  feet  in  length  connecting  with  a  shaft  35  feet 
deep,  which  in  turn  connects  with  a  surface  pit  on  the  ore  body. 
Exploratory  drifts  have  been  extended  from  the  tunnel,  and  pros- 
pect pits  and  short  tunnels  have  been  driven  at  other  points  on  the 
property. 

Ore  body. — The  ore  body  is  an  irregular  magnetite  mass  carrying 
chalcopyrite  in  a  gangue  of  garnet  and  epidote.  The  country  rock 
in  the  immediate  vicinity  is  made  up  of  greeiistoYve,  IwS.^  v\\\^  ^oiw- 
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gloinenites,  though  just  Inflow  tho  mine  workings  a  belt  of  intrusive 
diorite  is  exposed  which  forms  the  western  half  of  the  ridge  and  prob- 
ably underlies  the  ore  body.  The  deposit  is  develoi)ed  by  an  open  pit 
over  an  area  about  50  feet  in  diameter.  This  is  undercut  by  a  tunnel 
at  a  depth  of  30  feet,  and  though  the  magnetite  is  exposed  at  this 
depth,  chalcopyrite  is  not  so  abundant.  To  the  northeast  the  ore 
body  is  limited  by  a  fault  plane  striking  nearly  east  and  west  and 
dipping  75°  S.  Other  slipping  planes  striking  at  different  angles 
were  noted  in  the  ore  body  and  inclosing  rock. 

OTHKR   PROSPECTS. 

Copper  Center  group. — The  Copper  Center  group  of  claims  lies  1 
mile  north  of  the  Mammoth  group  at  an  elevation  of  400  feet.  It  was 
located  in  April,  1907,  and  in  July  was  bonded  to  mining  men  who 
undertook  its  development.  Several  shafts  from  10  to  30  feet  deep 
were  sunk  within  an  area  300  by  120  feet.  In  all  of  these  shafts  and 
surface  cuts  a  magnetite  and  chalcopyrite  ore  associated  with  gamet- 
epidote  and  hornblende  gangue  is  exposed.  The  deposit  is  apparently 
flat-lying,  though  the  amount  of  work  done  is  hardly  sufficient  to  prove 
that  it  does  not  continue  in  depth.  It  is  also  probable  that  further 
investigations  at  a  greater  depth  will  reveal  deposits  at  other  points 
on  the  property.  The  country  rock  is  largely  greenstone  tuff  and  con- 
glomerate which  is  underlain  by  the  granodiorite  exposed  down  the 
hillside  to  the  southwest.  The  area  is  densely  covered  by  an  under- 
growth which  renders  prospecting  difficult.  The  dip  needle  has  been 
successfully  used  within  this  area  and  the  deposit  just  described  was 
located  by  it. 

Charles  prospect, — The  Charles  property  lies  about  1  mile  south- 
east of  the  Mammoth  group  at  an  elevation  of  380  feet  and  5,000  feet 
from  tide  water.  It  was  located  in  May,  1007,  and  only  a  small 
amount  of  work  has  been  done  on  it.  The  mineral  body  exposed  in 
a  cut  20  feet  long  and  10  feet  deep  consists  of  chalcopyrite  masses  asso- 
ciated with  some  magnetite  in  a  garnet  gangue  w^hich  replaces  the 
greenstone  tuff  country  rock. 

Granodiorite  composes  the  hill  just  west  of  this  prospect,  but  was 
not  exposed  near  the  mineral  body.  Dikes  of  diabase  crosscut  the 
ore  body  and  are  evidently  of  later  intrusion.  Besides  the  values  in 
copper,  the  ore  is  said  to  carry  high  values  in  both  gold  and  silver. 

Brown  ct*  Metzdorf  prospect. — The  Brown  &  Metzdorf  prospect  is 
located  three -fourths  of  a  mile  south  of  the  Charles  prospect  and  one- 
half  mile  from  Kasaan  Bay,  at  an  elevation  of  310  feet.  The  ore 
body  is  a  mineralized  mass  of  garnet  rock  carrying  chalcopyrite  and 
pyrite  exposed  over  a  width  of  10  feet,  show^ing  a  banded  structure 
and  evidently  replacing  the  l)edded  quartzite  and  greenstone  tuff  coun- 
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trj  ix>ck.  A  wide  Ijelt  of  limestone  is  exposiul  in  bluffs  alon^  the  trail 
just  below  this  prosi^ect. 

Pt'wioi:k  mid-  Tacoma  Hahnn, — Thesi»  claims,  alx)ut  .*i  miles  south- 
east of  Kasaan  post-office,  are  the  proi)erty  of  the  (Trindall  Mining 
and  Smelting  Company  (fig.  1).  The  Tacoma  claim  is  located  along 
the  beach,  where  open  cuts  have  been  made  <m  ore  exi)osui*es  that  are 
covered  at  high  tide.  The  ore  is  confined  to  the  garnet-epidotc  rock 
and  occurs  in  irregular  patches  or  is  finely  disseminated,  but  nowhere 
in  large  bodies.  In  the  beach  cuts  a  small  amount  of  ore  is  exposed, 
and  above  this  at  an  elevation  of  50  feet  is  a  tunnel  CO  feet  in  length 
entering  the  hill  in  a  northeasterly  direction.  This  tunnel  crosscuts 
a  wide  belt  of  gamet-epidote  rock  containing  some  chalcopyrite. 
Other  open  cuts  expose  small  amounts  of  ore  at  several  places,  but  no 
large  ore  masses  have  been  developed. 

The  Peacock  claims  adjoin  the  Tac(mia  claim  on  the  north  and 
continue  to  the  center  of  the  peninsula.  At  a  point  000  feet  from  the 
beach  and  120  feet  above  tide  a  tunnel  45  feet  long  exposes  a  belt 
of  gamet-epidote  contact  rock  containing  magnetite  and  a  small 
amount  of  chalcopyrite.  Still  higher,  at  325  feet,  a  second  tunnel  30 
feet  long,  following  the  contact  of  a  diabase  dike,  exposes  a  similar 
mineral-bearing  rock.  Here  also  dikes  of  felsite  and  basalt  occur, 
and  slipping  planes  fault  the  mineral  lK)dy  in  various  directions. 
The  amount  of  development  on  these  properties  has  not  been  suffi- 
cient to  disclose  ore  bodies  large  enough  to  justify  mining,  but  sys- 
tematic prospecting  may  open  up  deposits  of  value. 

"  Hole  in  the  wall "  prospectH, — The  small  cove  known  as  "  Hole  in 
the  wall "  lias  on  the  north  side  of  the  harbor  at  Hadley,  and  along 
its  shores  and  west  of  it  a  number  of  claims  have  been  located,  among 
which  are  the  Plumley  group  and  the  Eureka,  Sunrise,  Pennsylvania, 
Venus,  and  Pelaska  claims  (fig.  1).  On  the  Ililma  claim  of  the 
Plumley  group,  at  a  point  one-half  mile  northwest  of  the  head  of  the 
cove  and  310  feet  in  elevation,  a  tunnel  25  feet  in  length  has  Iwen 
driven  along  the  contact  of  an  altered  limestone  lx»lt  with  a  dioritic 
intrusive,  in  which  small  masses  of  chalcopyrite  are  exposed  in  a 
gamet-epidote-calcite  contact  rock.  On  the  Eureka  claim  at  tide 
water  similar  contact  deposits  are  being  dev^eloped  and  are  reported 
to  be  of  considerable  extent.  The  Sunrise  claims,  three  in  all,  are 
located  west  of  the  "  Hole  in  the  wall,"  and  on  these*  claims  at  points 
along  a  gulch  small  ore  masses  occur  replacing  limestone  l)eds  at  or 
near  their  contact  with  granodiorite.  At  1,050  fc»et  elevation  this  con- 
tact aureole  is  25  feet  in  width  and  contains  considerable  magnetite 
and  chalcopyrite  ore  which  shows  much  surface  alteration.  On  the 
south  slope  of  the  hill  at  950  feet  elevation  is  an  open  cut  exposing  a 
highly  crystalline  marble,  slightly  banded,  striking  X.  05°  E.  and 
dipping  60®   NW.    This  marble  overlies  the  contact  rock  ^Voriix 
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carries  smajl  amounts  of  the  copper  ore.  On  the  Pennsylvania 
claims  southeast  of  the  Sunrise  claims  an  open  cut  following  a  felsite 
dike  at  850  feet  elevation  exposes  a  small  vein  2  to  3  feet  wide  con- 
sisting of  pyrite  with  small  amounts  of  chalcopyrite.  The  prospects 
on  the  Venus  claims  show  contact  deposits  similar  to  those  exposed  on 
the  Sunrise  claims  to  the  north  and  are  apparently  along  the  same 
intrusive  contact.  The  Pelaska  claim,  extending  from  the  head  of 
the  cove  westward,  has  been  developed  by  a  tunnel  over  100  feet  in 
length  following  a  belt  of  altered  limestone  intruded  by  a  diabase  dike 
along  which  occurs  the  garnet-epidote  contact  rock  carrying  some 
chalcopyrite.  This  deposit  is  interesting  geologically,  but  the  amount 
of  ore  exposed  is  small. 

KARTA  BAT. 

GENERAL   DESCRIPTION. 

The  name  Karta  Bay  is  applied  as  a  general  term  to  the  entire 
northwest  extension  of  Kasaan  Bay.  It  is  a  relatively  shallow  em- 
bayment  3  miles  in  width,  including  a  number  of  low,  wooded  islands 
and  shoals,  and  affording  several  good  anchorages.  On  the  charts, 
however,  the  name  is  applied  only  to  the  harbor  on  the  west  side 
of  this  embayment,  on  which  the  Baronovich  fishery  and  a  small 
Indian  village  are  located.  The  land  northwest  of  this  bay  is  low 
and  is  occupied  by  a  "'  salt  chuck  *"  2  miles  in  length  and  by  3  small 
lakes.  To  tlie  southwest  is  a  mountain  range  including  Granite 
Mountain  and  other  romided  sunmiits  less  than  4,000  feet  in  devia- 
tion, and  to  the  nortlieast  is  a  low  ridge  of  hills  forming  the  divide 
between  Karta  and  Thorne  bays.  The  principal  mines  in  the  imme- 
diate vicinity  are  the  Rush  &  Brown  mine  and  the  Venu§  group  to 
the  northwest,  and  the  Goodro  claims  to  the  northeast  (fig.  4).  In 
1901,  when  X.  H.  Brooks  visited  this  section,  none  of  these  properties 
had  been  located,  and  not  until  1904  were  the  copper-bearing  ore 
bodies  discovered. 

The  area  is  occupied  principally  by  stratified  rocks  ranging  from 
a  fine  tuff  to  a  coarse  conglomerate  often  showing  a  development  of 
large  hornblende  crystals.  These  bedded  rocks  are  invaded  by 
granodiorite  masses,  and  dike  rocks  of  various  composition  intrude 
both  the  granodiorite  and  the  IxMlded  rocks.  The  copper  ore  occurs 
(1)  at  the  contacts  of  the  granodiorite  with  greenstone  tuff,  con- 
glomerate, and  limestone,  as  at  the  Rush  &  Brown  mine;  (2)  along 
shear  zones  in  the  greenstone  tuffs  and  conglomerates,  as  at  the  Venus 
group  and  Rush  &  Brown  mine:  and  (3)  in  small  masses  and  dis- 
seminated particles  scattered  irregularly  through  an  altered  basic 
diorite,  as  at  the  Goodro  claims. 
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BU81I    &    IIROWN    MINF:. 


StttuUwn  and  development. — The  Rush  &  Brown  property  in- 
cludes eight  claims  extending  from  '"  salt  chuck  '•  northwesterly,  the 
principal  mine  workings  l)eing  located  on  the  Iron  Cliff  claim  at  an 
elevation  of  300  feet,  and  about  2  miles  from  the  wharf  at  the  head 
of  the  bay  (figs.  4  and  5).  In  1004  this  pro|:)erty  was  prospected 
by  long  trenches  and  open  cuts,  and  a  shaft  25  feet  deep  was  sunk  on 


Pio.  4. — Map  sbowint;  mines  and  proHpocts  adjacent   to  Karta   Ray. 

the  ore  body.  In  1005  it  was  leased  by  the  Alaska  Copper  Company, 
and  a  new  shaft  was  started  120  feet  south  of  the  old  shaft  and  sunk 
to  a  depth  of  100  feet.  From  the  bottom  of  this  shaft  the  principal 
ore  body,  the  magnetite  deposit,  was  develoixMj  by  drifts  and  cross- 
cuts and  a  drift  was  extended  to  a  second  ore  body,  the  sulphide  de- 
posit, 160  feet  farther  northeast.    At  the  clotic  of  lUOT  iVv^  ^x^^\&x 
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portion  of  thcs(»  ore  bodies  had  been  slojjed  out  and  the  shaft  sunk 
an  additional  100  feet  to  a  point  from  whicli  a  200-foot  level  was 
started.     The  ore  from  the  mines  is  traiisiwrted  by  a  <?ravity  tram 


PLAN 


100 


20O  feet 


Greenstone  tuff  Granodiorite  Contact  rock  Ore 

and  oonfi^lomerate 

Vui.  r».  — Skeftli  t>l3iii  null  section  of  mine  workings,  showing;  ore  l>odle8  at  UuhIi  &  Hrown 

mine. 

to  ore  bunkers  one-fourth  mih^  below  (he  mine  and  thence  by  a  rail- 
road 23  miles  Icm^  to  the  wharf  at  the  head  of  the  bay,  where  ore 
bunkers  of  2,000  tons  capacity  have  been  built.     During  11)00  ore 
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was  shipped  to  the  smelter  at  Coppermount,  and  in  1007  shipments 
were  made  to  the  Tyee  smelter  at  Ladysmith,  British  Cohmibia.     . 

Ore  bodies. — Two  ore  bodies  have  l)een  <leveloped  at  the  Rush  & 
Brown  mine.  One  is  a  contact  metamorpliic  deposit  consisting  of  a 
copper-bearing  magnetite  body  100  feet  long  by  30  feet  wide  in  a 
^met-epidote-calcite  gangue  lying  l)etween  granodiorite  and  an  in- 
durated greenstone  tuff,  the  line  of  contact  striking  nearly  east-west. 
The  other  deposit,  100  feet  to  the  north,  occupies  a  shear  zone  in  the 
greenstone  tuff  and  conglomerate  beds,  and  is  a  sulphide  body  com- 
posed of  pyrite  and  chalcopyrite  in  a  quartz-calcite  gangue,  which  i,s 
4  to  8  feet  in  width  and  has  been  developed  over  a  lengtli  of  8r)  feet. 
The  strike  of  this  sulphide  deposit  is  northeastward  and  its  dip  G0° 
SE.  toward  the  larger  deposit. 

VKNiTH  <;roiti\ 

The  Venus  group  of  claims  is  located,  on  Iron  Creek  1|  miles 
from  the  head  of  Karta  Bay  and  about  1  mile  south  of  the  Rush 
&  Brown  mine  (fig.  4).  This  property  was  located  in  1004  and  a 
magnetic  survey  made.  Within  the  area  of  maximum  attraction  a 
pit  was  sunk  and  a  trench  50  feet  in  length  was  made  through  the 
overlying  debris,  exposing  the  magnetic  deposit.  Beh)w  these  surface 
excavations,  vhich  are  at  an  elevation  of  250  feet,  a  tunnel  75  feet  in 
length  has  been  driven  which  crosscuts  50  feet  of  debris  and  25  feet 
of  country  rock,  and  at  its  face  exposes  ore.  The  country  rock  is  an 
indurated  greenstone  tuff  with  interstratified  quartzite  beds,  the  on* 
occupying  a  shear  zone.  Associated  with  the  ore  is  considcM-able 
sphalerite  and  pyrrhotite  with  quartz  and  calcite  as  gangue  minerals. 


(i(H)I)KO   CLAIMS. 


The  Goodro  claims,  also  known  as  the  Joker  group,  are  located 
one-half  mile  from  the  head  of  the  '•  salt  chuck  "  entering  Karta 
Bay  (fiig.  4).  The  surrounding  area  is  relatively  low.  the  claims 
being  located  on  a  knoll  about  400  feet  in  elevation.  The  copper  de- 
posit at  this  locality  is  of  special  interest  because  bornite  is  the  domi- 
nant ore  and  it  is  the  only  locality  in  southeastern  Alaska  where 
bornite  has  been  found  in  quantity.  This  ore  occurs  in  small  masses 
and  disseminated  particles  associated  with  epidote,  felds])ar,  and 
biotite,  and  is  inclosed  in  a  basic  diorite  which  is  largely  re])laced 
by  these  minerals.  Native  gold  and  considerable  chalco]\vrite  also 
occur  with  the  ore,  and  near  the  surface  small  amounts  of  chalcocite 
and  native  copper  were  noted.  The  diorite  forms  an  extensive  belt 
half  a' mile  wide  striking  in  a  northwesterly  direction  (see  PI.  I). 
Ijaterally  this  mineralization  is  exposed  across  a  width  of  ()0  feet 
and  for  about  100  feet  in  length.    It  has  been  developed  by  a  surface 
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pit  12  feet  deep,  by  a  cut  70  feet  loii^,  luid  by  a  tunnel  125  feet  long^ 
which  crosscuts  the  ore-bearing  mass  90  feet  below  the  surface  and  90 
feet  from  its  mouth.  Slipping  planes  were  observed  at  several  points, 
but  do  not  appear  to  have  caused  any  noteworthy  displacements.  In 
an  open  cut  a  diabase  dike  is  exposed  which  is  evidently  later  than 
the  ore  deposition.  Early  in  1907  an  ore  shipment  was  made  to  the 
Hadley  smelter  and  is  reported  to  have  yielded  good  values  in  both 
copper  and  gold. 

T0L8T0I  BAT. 

GENERAL    DESCRIPTION. 

On  the  north  end  of  Kasaan  Peninsula,  adjacent  to  Tolstoi  Bay, 
which  forms  a  good  anchorage  to  the  west,  considerable  prospecting 
has  been  done  and  numerous  locations  have  been  made,  but  none  of 
the  properties  have  been  developed  beyond  the  prospecting  stage. 
The  small  promontory  here  is  composed  largely  of  the  granodiorite 
intrusive  masses  which  are  exposed  at  Tolstoi  Point  and  along  the* 
eastern  slope  of  the  mountain.  On  the  western  slope  and  along  the 
east  shore  of  Tolstoi  Bay  the  rock  exposures  are  principally  of 
tuffaceous  sandstone  and  conglomerate  and  occasional  strata  of  lime- 
stone. Both  the  stratified  and  the  intrusive  rock  masses  are  crosscut 
by  dikes  of  porphyry  and  diabase  (see  PI.  I).  The  ore  bodies  are 
contact  metamorphic  deposits  similar  in  character  to  those  shown  at 
the  mines  on  the  southern  part  of  the  peninsula.  They  are  lenticular 
masses  of  magnetite  carrying  chalcopyrite  and  associated  with  garnet, 
epidote,  calcite,  and  quartz,  and  inclosed  in  the  bedded  rocks  near  the 
intrusive  granodiorite  contact. 

IRON    (  Al*    <JROLP. 

This  property,  also  known  as  the  Mahoney  group,  consists  of  two 
chiinis  located  on  the  northwest  sloi)e  of  Tolstoi  Mountain  at  an 
altitude  of  1,000  feet  and  is  reached  by  a  trail  li  miles  long  starting 
from  a  cove  2  miles  southwest  of  Tolstoi  Point  (fig.  1).  In  1901 
this  propei'ty  was  prospected  to  a  considerable  extent  by  open  cuts 
along  a  gulcli  and  by  several  hundred  feet  of  diamond-drill  holes, 
hut  since  that  time  it  has  bi^en  idle.  The  country  rock  consists  prin- 
cipally of  tuffaceous  greenstone  intruded  by  syenitic  dikes  of  con- 
siderable width  which  are  ap])arently  related  to  the  ore  deposits. 
Three  ore  bodies  have  thus  far  been  located,  the  largest  being  20  feet 
in  width  and  traceable  for  50  feet  in  length,  the  major  axis  striking 
X.  45°  W.  A  second  ore  body,  separated  from  the  first  by  a  30-foot 
dike  of  an  altered  intrusive  syenite,  is  12  feet  in  width  and  is  limited 
on  the  foot-wall  side  to  the  southwest  by  a  fault  plane  showing 
a  considerable  gouge  seam,  and  toward  the  hanging  wall  grades  into 
a  garnet-epidote  contact  rock.     The  tliird  ore  body,  which  lies  just 
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above  the  other  two  at  an  elevation  of  1,080  feet,  appears  to  be  a 
flat-lying  magnetite  dejwsit  only  a  few  feet  in  thickness. 

WALLACE   ClROUr. 

The  Wallace  group  includes  four  claims  situated  on  the  southeast 
slope  of  Tolstoi  Mountain  between  800  and  1,600  feet  in  elevation 
(fig.  1).  At  several  points  on  this  property  small  scattered  masses  of 
copper  ore  are  exposed,  but  at  no  place  have  investigations  been  suffi- 
cient to  determine  the  extent  of  these  deposits.  The  uppermost  ore 
exposures  have  been  opened  by  a  short  tunnel  in  which  a  vein  of 
garnet-epidote  rock  is  sliown  containing  chalcopyrite  and  striking  N. 
15°  W.  and  dipping  20°  SW.  At  the  lower  openings  a  magnetite- 
ehalcopyrite  ore  is  exposed,  but  the  bodies  do  not  appear  to  be 
extensive. 

TOL8TOI    GROUP. 

The  Tolstoi  group  of  claims  is  located  south  of  the  Wallace  group, 
just  below  the  summit  of  Tolstoi  Mountain  (fig.  1).  The  ore  bodies 
are  low-grade  magnetite-chalcopyrite  masses  similar  to  those  on  the 
Iron  Cap  group,  but  they  have  not  been  so  extensively  j)rospected. 
No  developments  more  than  the  required  annual  assessment  work 
have  been  accomplished  on  this  property. 

i;iG    FIVK    CLAIM. 

The  Big  Five  claim  lies  half  a  mile  east  of  Tolstoi  Bay,  on  the  trail 
to  the  Iron  Cap  group,  at  an  elevation  of  370  feet  (fig.  1).  A  tunnel 
iiO  feet  in  length  and  a  shaft  expose  scattered  masses  of  chalcopyrite, 
pyrrhotite,  and  pyrite  in  a  gangue  of  garnet,  epidote,  and  calcite,  the 
deposit  being  10  feet  wide.  This  deposit  is  a  replacement  in  lime- 
stone beds,  and  many  slipping  i)lanes.  defined  by  gouge  seams,  tra- 
verse lx)th  ore  IxxJy  and  country  rock.  Assessment  work  only  is 
done  on  this  claim  each  year. 

KASAA.N    KAY    l>KOSPE(TS. 

SUNNY    DAY    GROir. 

The  Sunny  Day  group  of  three  claims  is  located  on  the  south  side 
of  Kasaan  Bay,  opposite  Kasaan  village.  The  vein  follows  the  hang- 
ing wall  of  a  wide  porphyry  dike  striking  X.  05°  E.,  with  vertical 
dip,  and  carries  chalcojn'rite  with  low  gold  and  silver  values.  It  has 
been  traced  for  some  distance  hv  means  of  surface  exposures  and  open 
trenches  and  found  to  vary  not  only  in  width  hut  also  in  mineraliza- 
tion. The  porphyry  dike  invades  a  complex  of  highly  metamorphosed 
greenstones,  with  occasional  marble  bands  and  bosses  of  diorite.  A 
tunnel  Ijegim  several  hundred  paces  from  the  shore  has  l)een  driven 
150  feet  to  undercut  the  vein,  but  so  far  has  failed  to  do  so. 
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SlIKLTON    GROUP. 


This  group  of  two  claims  is  situated  on  the  east  side  of  Twelvemile 
Arm  about  3  miles  south  of  Hollis  and  at  an  elevation  of  about  1,000 
feet.  The  vein  outcrops  in  the  beds  of  a  small  mountain  creek  and 
has  been  further  investigated  by  a  short  tunnel  and  an  inclined  shaft 
25  feet  deep.  The  vein  strikes  X.  20°  E.,  dips  65°  SE.,  and  occurs  in 
a  fractured  limestone  belt,  which  is  an  integral  part  of  a  formation 
including  chlorite  and  greenstone  schist  and  phyllites.  In  the  tunnel 
well-marked  slipping  planes  lined  with  gouge  and  slickensided  were 
observed.  This  vein,  which  averages  perhaps  6  feet  in  thickness,  con- 
tains pyrite,  chalcopyrite,  and  malachite  in  a  quartz-calcite  gangue, 
and  is  reported  to  carry  values  of  copper  with  some  gold  and  silver. 
Before  actual  mining  can  begin  at  tliis  point,  however,  the  vein  must 
be  exploited  further  and  its  probable  extent  determined. 


NIBLACK   ANCHORAGE. 

GKNKRAL    I)ESCRII»TION. 


Niblack  Anchorage  is  a  small  embayment  and  harbor  2  miles  in 
length  on  the  east  side  of  Prince  of  Wales  Island;  its  entrance,  which 
is  but  100  yards  wide,  connects  with  Moira  Sound.  The  topographic 
relief  in  the  vicinity  is  abrupt,  the  mountains  rising  to  altitudes  be- 
tween 1,500  and  2,000  feet  within  a  mile  of  tide  water.  A  broad 
valley  extends  north  west  w^ard  from  the  head  of  the  bay  and  is 
occupied  by  two  small  lakes,  the  lower.  Myrtle  Lake,  being  threes- 
fourths  of  a  mile  long  and  90  feet  above  sea  level,  and  from  this 
fall  sufficient  power  for  mine  purposes  can  be  obtained  (fig.  6). 

The  rock  exposures  in  the  vicinity  of  Niblack  Anchorage  consist  of 
various  types  of  greenstone  schist  with  occasional  bands  of  quartzite, 
altered  grits,  and  quartz-sericite  schist.  They  have  a  general  X.  GO^ 
W.  strike  and  dip  from  60 "^  to  70°  8W.  In  places  slickensided  sur- 
faces and  gouge  seams  were  noted,  showing  evidence  of  considerable 
faulting  at  various  angles  to  the  lines  of  bedding.  The  only  intrusive 
rocks  in  the  vicinity  of  the  ore  bodies  that  intersect  these  bedded 
rocks  are  occasional  dikes  of  diabase.  On  the  ridge  north  of  Niblack 
Anchorage  and  also  to  the  south  in  Moira  Sound  (see  PL  I)  a  granitic 
intrusive  was  exposed. 

I^yrite  and  occasional  particles  of  chalcopyrite  are  distributed 
widely  throughout  this  rock  complex,  but  the  sulphide  minerals  are 
rarely  present  in  amounts  sufficient  to  warrant  exploration.  A  zone 
of  such  mineral  concentration  occurs  at  the  Niblack  mine  and  has 
been  develoj)e(l  across  a  width  of  250  feet,  its  trend  being  northwest 
up  the  mountain  slope. 
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The  ore  bodies  in  this  zone  occur  as  niineralized  bands,  veins,  and 
lenticular  masses,  usually  parallel  to  the  rock  cleavage,  which  is  also 
the  bedding  plane.  The  Ixxlies  which  are  of  most  iini>ortance  consist 
essentially  of  a  massive  sulphide  ore,  and  vary  from  10  to  100  feet 
in  length  and  from  5  to  20  feet  in  width,  and  extend  from  50  to  100 
feet  in  depth.  Many  faults  are  present  and  have  important  bearing 
on  the  shape  and  extent  of  the  ore  bodies.  The  ore  minerals  are 
principally  chalcopyrite  and  pyrite,  Avith  small  amounts  of  sphalerite. 


Fio.  6 — Map  showlni;  position  of  mine  at  head  of  Niblark  Anchorage. 

the  chalcopyrite  occurring  principally  in  the  greenstones,  while  the 
pyrite  occurs  abundantly  in  both  the  greenstone  and  the  sericite 
schists. 

NIBLACK    MINK. 

Situation  and  dei^elopment, — T\w  Xibhick  mine,  located  on  the 
Judge  claim  of  Lookout  gi-oup  No.  2,  is  situated  on  the  southwest 
side  of  the  anchorage  and  but  a  few  hunchvd  feet  from  tide  water. 
This  property  was  first  developed  in  1002-3  by  the  Wakefield  Mineral 
Lands  Company  and  in  1004  was  leased  by  the  Xiblack  Copper  Com- 
pany, the  present  operators.  The  ])rincipal  mine  workings  are  on 
the  Judge  claim  close  to  tide  watei*.  where  the  coj)i)er  ore  was  first 
discovered  (iSg.  6).  At  a  point  150  fe(»t  from  and  ;U)  feet  above  hiirh 
tide  is  a  two-compartment  shaft  inclined  at  an  angle  of  08°.  From 
40&10— BuU.  347—08 0 
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this  shaft  four  levels  have  been  extended  at  depths  of  50,  100,  150, 
and  225  feet  from  the  surface,  and  during  1907  the  shaft  was  extended 
an  additional  75  feet  in  depth,  from  which  point  the  fifth  level  was 
opened  up.  The  total  amount  of  underground  drifting,  including 
raises  and  winzes  at  the  close  of  1907,  is  estimated  at  about  5,500  feet. 

The  surface  developments  consist  of  a  shaft  house  equipped  with 
a  500-foot  steam  hoist,  a  5-drill  air  compressor,  a  wharf  700  feet 
long  extending  to  deep  water,  on  which  ore  bunkers  have  been  erected, 
a  power  house,  a  machine  shop,  a  general  store,  and  various  other 
necessary  mine  buildings. 

Ore  hodies. — ^Throe  large  ore  bodies  have  been  opened  in  this  mine. 
I>esides  smaller  veins  and  masses  occurring  in  the  shaft  and  along 
the  drifts.  The  north  or  foot-wall  vein,  which  has  yielded  a  large 
tonnage  of  the  ore,  is  200  feet  in  length,  and  averages  20  feet  in 
width,  and  about  100  feet  in  depth,  having  the  shape  of  a  drawn-out 
lens.  It  extends  from  the  surface  to  the  100-foot  level,  is  parallel 
in  strike  and  dip  to  the  greenstone-schist  inclosing  rock,  and  pitches 
northwesterly.  It  is  displaced  in  depth  by  fault  planes  crossing 
the  rock  formation  at  an  acute  angle  and  marked  by  a  gouge  2  to 
()  inches  wide.  Where  the  surface  of  this  fault  plane  was  observed 
in  the  stopes  its  face  was  grooved  and  polished.  Other  slipping 
planes  occur  at  angles  to  this  main  fault  and  one  apparently  cuts  oflf 
tlie  ore  body  in  the  face  of  the  northwest  drift  on  the  50-foot  level. 
The  south  vein,  which  has  been  developed  principally  from  the  150- 
foot  level,  is  similar  in  character,  but  not  so  large.  In  this,  as  was- 
also  noted  in  the  other  deposits,  the  sulphides  of  iron  and  copjuM- 
ap})ear  to  have  replaced  the  greenstone  inclosing  rock  to  considerable 
extent,  and  fragments  of  the  altered  greenstone  are  present  in  the 
ore  mass.  These  rock  fragments  are  impregnated  with  the  sul])hi(les 
and  often  appear  to  grade  into  the  massive  ore  without  definite 
dividing  lines.  On  the  225-foot  level  a  newly  discovered  ore  body 
lias  been  exposed  over  a  length  of  00  feet  and  width  of  15  feet. 
This  body  was  intersected  by  an  altered  diabase  dike  apparently 
more  recent  than  the  ore  deposition.  The  shaft  is  being  sunk  lower 
in  order  to  investigate  this  ore  body.  The  smaller  ore  bodies  con- 
sist of  veinlets  a  few  inches  wide,  cutting  the  greenstone  in  various 
ilirections.  and  seams  of  sulphide  ore  in  the  more  schistose  rock 
following  the  stratification.  In  the  country  rock  a  decided  j)enciling 
or  slight  folding  occurs  in  the  more  schistose  beds,  forming  grooves 
pitching  50°  NW.,  along  the  lines  which  the  ore  bodies  seem  to 
follow. 

The  ore  minerals  are  chalcopyrite  and  pyrite  with  small  amounts 
of  sj)halerite  and  hematite  and  with  some  galena,  the  gangue  minerals 
being  quartz  and  calcite.     Besides  the  copper  content,  gold  and  silver, 
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tniounting  to  $1.50  to  $2.50  per  ton,  niul  1  to  2  per  cent  of  zinc  are 
present  in  the  ore.  The  oi-es  also  contain  considerable  iron  and  sid- 
phur  and  sufficient  silica  for  smelting  purposes. 

LOOKOUT   OROIT. 

The  Lookout  group  of  five  claims,  belonging  to  the  Wakefield  Min- 
eral Land  Company,  is  situated  on  the  south  slope  of  Xiblack 
Anchorage  between  1,000  feet  and  2,000  feet  elevation  and  about  1 
mile  from  tide  water  (fig.  C).  These  claims  were  first  l(K*ated  in 
1900,  and  in  1901  considerable  development  work  was  done  and  the 
adjacent  areas  were  pi-ospected.  Xo  imixu'tant  discoveries,  how- 
ever, were  made  and  only  a  small  amount  of  assessment  w^ork  has 
since  been  done.  The  principal  developments  are  on  the  {\mundrum 
claim,  wliere  a  160-foot  tunnel  has  been  driven  along  a  belt  of  miner- 
alized schist  striking  X.  05°  W.  and  dipping  70°  SW.  Along  the 
hanging-wall  side  of  this  belt  is  a  schistose  greenstone,  containing 
stringers  of  mineral-bearing  quartz.  A  second  tunnel  00  feet  in 
length  has  been  stalled  on  the  same  l)elt  150  feet  above  the  h)wer  tun- 
nel. On  the  lookout  claims  at  IJJOO  feet  elevation  an  open  cut  ex- 
poses a  mineralized  belt  of  ccmsiderable  width,  consisting  of  brecci- 
ated  sericite  and  greenstone  schist  intermixed  with  quartz  and  small 
masses  of  sulphides  which  also  penetrate  the  schists.  These  mineral- 
ized belts  are  low  in  grade  and  at  present  can  not  be  mined  with 
pn>fit.  The  introduction  of  a  concentration  plant  to  obtaiji  a  richer 
product  for  shipment  is  under  consideration. 

COPPER    CLIFF    MINK. 

The  Copix?r  Cliff  mine,  also  known  as  the  Dama  group,  is  located 
on  the  south  side  of  Xiblack  Anchorage  about  1  mile  southeast  of  the 
Xiblack  mine  (fig.  6).  A  large  amount  of  development  work  was 
done  on  these  claims  in  100*3-4  an<l  to  some  (extent  in  100."),  but  since 
then  the  property  has  Iwen  idle.  The  main  workings  are  on  the  Dama 
claim  at  an  elevation  of  750  f«»et  and  consist  of  a  tunnel  *200  feet 
in  length,  from  which  250  feet  of  crosscuts  and  drifts  have  been  ex- 
tended, and  a  shaft  40  feet  in  depth  sunk  at  a  point  '200  feet  above* 
the  tunnel.  In  this  tunnel  the  mineralized  greenstone  schists  are  ex- 
posed, including  lenticular  bodies  of  massive  sulj)hi(le  ore.  The  latter. 
however,  are  smaller  and  contain  less  of  the  chalcopyrite  ore  than  the 
ore  bodies  at  the  Xiblack  mine.  The  inclosing  country  rock  strike- 
X.  50°  W.  and  dips  50°  to  70"^  SW.  with  a  prominent  jointing  system 
.striking  X.  45°  E.  and  dipping  70°  SK.,  and  along  tlies(»  planes  thin 
leaves  or  films  of  native  copper  were  observed.  On  the  adjoining 
dainLs  mineralized  schist  is  cxposiMl  by  ()j)en  cuts  on  trenches,  but  at 
none  of  these  places  were  oj*e  bodies  of  any  size  observed. 
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WAKM'IELD    OROITP. 

The  Wakefield  group  of  claims,  pro])erty  of  the  Moira  Copper  Com- 
pany, lies  about  2  miles  northeast  of  Niblack  at  an  elevation  of  1,100 
feet,  on  the  east  side  of  Luella  Lake,  and  can  be  reached  by  trail  either 
from  Niblack  Anchorage  or  from  the  north  shore  of  Moira  Sound 
(fig.  7).  From  the  head  of  Niblack  Anchorage  the  trail  leads  over  a 
pass  1,850  feet  in  elevation  and  then  down  to  Luella  Lake  1,000  feet 
above  sea  level.  The  claims  were  located  in  1904  and  have  not  yet 
been  thoroughly  exploited.  A  shaft  50  feet  deep  has  been  sunk  ex- 
posing an  ore  body  for  25  feet  in  depth,  and  several  open  cuts  have 
been  made  on  a  mineralized  belt  of  schist.  The  country  rock  is  made 
up  of  various  types  of  greenstone  schist  and  altered  slates  and  grits, 
striking  N.  40°  W.  and  dipping  80°  SW.  The  ore  body  is  a  lenticular 
mass  of  chalcopyrite  10  feet  in  width,  its  length  and  depth  \ye\ng 
undetermined.  The  mineralized  belt  of  schist  is  about  60  feet  across 
and  contains  a  large  amount  of  pyrite  associated  with  quartz  and 
epidote. 

XOBTH    ABM   OF  MOIRA   KOrND. 

(iRNERAL    DESCRUTION. 

The  entrance  to  North  Arm  in  Moira  Sound  lies  just  north  of  Nib- 
lack  Anchorage  on  the  east  coast  of  Prince  of  Wales  Island  (fig.  7). 
Tt  is  an  inlet  7  miles  in  length  with  a  northwesterly  trend  and  at  its 
head  is  a  narrow  channel  terminating  in  a  "  salt  chuck"  or  sluillow 
embayment.  Just  north  of  the  narrow  channel  a  stream  50  feet  wide 
tributary  from  Mineral  Lake  enters  the  bay,  and  along  this  stream 
are  the  principal  mine  workings.  The  rock  exposures  in  this  inlet 
include  the  various  types  of  greenstone  and  sericite  schists  interstrati- 
fied  by  beds  of  limestone  usually  altered  to  a  banded  siliceous  mar- 
ble. At  one  locality  an  attempt  has  been  made  to  quarry  one  of  these 
marble  deposits,  but  so  far  with  little  success." 

CYMRU    MINK. 

Situation  and  f/rveto/nmini. — The  C'ymru  mine  is  located  on  the 
north  side  of  Mineral  Creek  three-fourths  of  a  mile  from  the  head  of 
North  Arm  (fig.  7).  The  ore  occurrence  at  this  locality  has  been 
known  since  1900  and  is  briefly  described  by  Alfred  11.  Brooks,  who 
visited  this  section  in  1001.  Since  tluit  time  the  claims  have  been  re- 
located at  different  times  because  of  a  lack  of  assessment  work. 
Early  in  1900  these  pr()y)erties  were  purchased  by  tlie  Cymru  Mining 
Company  and  active  developments  were  begun  and  considerable 
ore   ])rodiiced   the   same   year.     Mining  ()i)erations   continued    until 


"A  floscrlpiion  of  thosr  niiirl»l«'  doposits  is  ^ivon  und«'r  tho  hoadin^  **  Building  Btones," 
pp.   lU  1-200. 
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June,  1007,  when  all  work  was  .siis[)ende(l.  The  present  developments 
consist  of  a  shaft  105  feet  deep,  from  which  two  levels  at  50  and  100 
feet  have  been  extended,  the  50-foot  level  connertin^  with  an  adit 
tunnel  18-t  feet  in  len^b.  On  the  surface  the  veins  have  been  opened 
to  a  considerable  depth  by  trenches  4  to  8  feet  in  width  and  several 
hundred  feet  in  length.  At  a  point  850  feet  to  the  west  of  the  shaft 
an  inclined  shaft  has  been  sunk  85  feet  deep  on  the  same  vein.  This 
shaft  also  connects  with  an  iuWt  level  W  feet  in  depth,  which  is  00 
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Fw.  7. — Sketch  map  of  Moira  Sound,  slujwlnir  Incatioii  rf  minos  ;iii<l  prD^^potts. 

feet  in  length.  A  surface  tram  of  iiO-inch  <ra<ze  leads  from  the  mine 
to  the  ore  bunkers  at  tide  water,  a  distance  of  4.*J(K)  feet,  the  cars  Ink- 
ing pn)pelled  by  an  H-horsej)()wer  <j:as<)line  en<rine.  Kiom  the  ore 
bunkers,  which  have  a  capacity  of  l.(»()()  tons,  a  wharf  \0  by  TO  fi^et 
has  been  extended  to  deep  water  so  that  ore  ships  may  be  loaihnl  di- 
rectly from  the  bunkers  by  conveyor  I)ehs. 

Ore  bodies. — ^The  on»  Ixxlies  are  vein  deposits  from  1  foot  to  10 
feet  in  width,  inclosed  in  a  limestone  country  nx'k  strikin*;  N.  W°  W. 
and  dipping  65°  SW.  The  limestone  is  interst ratified  with  (piartzite 
and  greenstone  schists  and  in  many  places  is  banded  v.\ud  wVlviv^A  \» 


184      KETCHIKAK  AND  WBANGELL  MTNTNO  DI8TBICTS,  ATiARKA. 


marble.  In  these  beds  faulting  planes  occur,  showing  small  displace- 
ments and  shear  zones.  Four  veins  parallel  with  the  stratificaticm  of 
the  inclosing  rocks  have  been  exposed  by  surface  trenches  all  within 
a  distance  of  100  feet  of  one  another.  The  ore  contained  in  these 
veins  consists  of  pyrite  and  chalcopyrite  in  a  gangue  of  quartz  and 
calcite.  Small  transverse  veinlets  also  occur  in  the  wall  rock  adja- 
cent to  the  veins,  in  which  small  ore  masses  .are  present*  and  the  rock 
itself  is  at  many  places  impregnated  by  the  sulphide  mineraLs.  Sur- 
fa<r  oxidation  or  weathering  along  the  vein  outcrops  has  produced 
«H'ondary  ores,  essentially  malachite  nn<l  limonite,  but  these  are 
practi<*ally  al>s<*nt  in  the  un<lerground  workings. 

SKOWL  AIM. 

(JKNKRAL   UI>J)i'BlPTION. 

Skowl  Arm,  an  inlet  12  miles  in  length,  has  its  entrance  due  west 
from  the  south  end  of  Kasaan  Peninsula,  and  4  miles  inland  is  the 
mouth  of  McKenzie  Inlet,  the  south  branch  of  Skowl  Arm  (fig.  8). 
The  head  of  Skowl  Arm  is  only  0  miles  frcwn  Cholmondeley  Sound, 

but  the  intervening  land  rises  to 
a  high  elevation.  The  shores  of 
this  arm  are  abrupt  and  the  sur- 
rounding mountains  rise  to  al- 
tituiles  of  :^,00()  feet  or  more. 
The  channel  itself  is  free  from 
dangei-s  to  a  i)oint  1  mile  beyond 
the  mouth  of  McKenzie  Inlet. 
Beyond  this  ])oint  and  also  in 
McKenzie  Inlet  are  many  reefs 
and  rocky  islands,  rendering  nav- 
igation dangerous. 

The  nx'k  exposures  around  the 
sliores  of  this  inlet  ai-e  composed 
largely  of  a  ('()nij)lex  of  dioritic 
and  granitic  intrusives  which 
invade  the  older  limestone  and 
greenstone-schist  strata  exposed 
alojig  the  north  shore  of  the  inlet 
and  to  the  south  in  Cholmon- 
iniot,  <leley  Sound.  Within  this  area 
of  igneous  r(K*ks  aiv  included 
l)elts  of  schist,  gneiss,  and  shear  zones,  and  it  is  in  these  that  the 
ore  Ixnlies  are  found.  The  princi])al  ore  deposits  at  the  head  of 
McKenzie  Iidet  consist  of  niassc»s  and  heavily  mineralized  portions 
of  the  schists  containing  essentially  pyrite  with  chalcopyrite. 


Kn:.    «. — Sk»'tch    map    of    McKenzie 
hIiuwIdk  lulne   locations. 
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KHAYYAM    MINE. 


Sitn<ttion  and  development. — ^The  Khayyam  mine,  operated  by  the 
Omar  Mining  Company,  is  situated  2,500  feet  above  sea  level  on  the 
summit  of  a  mountain  ridge  2.8  miles  in  an  air  line  southwest  of 
Riam,  a  mining  camp  on  McKenzie  Inlet  (fig.  8).  This  property 
was  first  located  in  1899,  and  from  1901  to  1905  mine  <levelopnients 
on  a  considerable  scale  were  accomplishcMl  and  transportation  facili- 
ties were  extended  to  tide  water.  In  190(5  operations  were  suspended, 
but  in  July,  1907,  were  again  resumed,  and  were  in  progi'ess  until 
Octol)er.  Tlie  mine  workings  consist  of  S4»veral  long  tunnels  ()0  to 
(*)80  feet  in  length  at  elevations  of  2,000  to  2,500  feet  al)ove  tide 
water.  From  these  workings  an  aerial  tram  1  mile  in  length  carries 
the  ore  to  bunkei*s  in  the  valley  lx)ttom,  whence  it  is  transported  over 
a  surface  tram  2J  miles  long  to  ore  bunkers  at  tide  water,  where  it  is 
loaded  into  boats  and  shipped  to  the  smelter. 

Ore  hodieH. — In  general  the  ore  bodies  are  elongated  lenses  of  sul- 
phide oi'e  coinciding  in  s-trike  and  dip  with  the  schistosity  of  the 
inclosing  rock.  The  surrounding  formations  vary  greatly  and  consist 
chiefly  of  banded  basic  hornblende  gneiss  (altered  diorite)  interbanded 
with  more  siliceous  gneiss  belts,  the  trend  of  the  structure  l)eing  N. 
85**  W.  and  the  dip  80°  to  90°  north.  Several  diabase  dikes  were 
noted  intruding  this  complex  of  altered  igneous  rocks,  and  one  dike 
30  feet  in  width  striking  X.  05°  W.  at  a  slight  angle  to  the  schis- 
tosity can  be  traced  nearly  a  mile.  These  dikes  are  of  relatively 
recent  intrusion* and  have  played  no  part  in  the  formation  of  the  ore 
bodies.  Two  systems  of  joint  planes  are  present  along  which  faulting 
has  occurred.  The  one  system  strikes  N.  80°  E.  and  dips  S0°  S.  with 
an  almost  horizontal  pitch  indicated  by  striie  and  grooves  along  the 
fault  planes.  The  sec(m<l  sy.stem  strikes  north  and  south,  dips  00°  to 
80°  E.,  and  pitches  00°  to  70°  X.  At  one  point  a  fault  of  this  system 
limits  the  ore  body  and  is  delined  by  goujre  and  broken  rock.  Many 
quartz  veinlets  are  present  along  this  transverse  system  of  jointing 
cracks.  The  ore  lx)dies  are  probably  genetically  related  to  the  diorite, 
and  particles  of  the  sulphide  minerals  are  finely  disseminated 
throughout  this  rock  where  massive  and  less  altere<l.  The  contacts 
of  the  ore  masses  are  usually  well  defined,  but  in  some  places  the  ore 
is  "  frozen  "  to  the  walls. 

The  ore  bodies  have  been  exposed  on  the  surface  by  oi)en  pits  and 
trenches  and  have  been  crosscut  at  a  depth  of  50  feet  by  the  Powell 
tnnnel  220  feet  in  length.  In  this  tunnel  four  ore  bodies  vaiying 
from  6  to  20  feet  in  width,  along  which  iJ50  feet  of  drifting  has  bei^n 
extended,  are  exposed.  Thes«»  ore  lM)dies  are  all  limited  on  the  west 
by  u  fault  plane,  the  displacement  of  which  is  not  known.  The 
Kimball  adit  tunnel,  350  feet  lower  than  the  Powell  tunnel  and  080 
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feet  in  length,  crosses  the  formation  so  as  to  intercept  all  of  the  ore 
bodies  exposed  above  it,  but  encounters  no  mineral  bodies,  and  ex- 
poses only  the  banded  and  jointed  diorite  in  which  sulphides  or  iron 
in  scattered  particles  occur  locally.  From  the  observations  in  the 
tunnels  and  surface  openings  the  ore  bodies  appear  to  have  the  form 
of  irregular  elongated  lenses  nearly  vertical  in  position,  with  the 
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Ki<;.    !».-    rian   aii<l   cross   section   of  Khaj'yam   rnln«'   workings,    showlnu   positions   of   ore 

bodi.'s. 

nmjor  axis  parallel  with  the  schist osity  of  the*  iiiclosinfr  rock  (see 
fi^.  IM-  The  main  ore  zone  has  been  traced  for  500  feet  or  more  in 
length  and  is  about  50  feet  wide.  Transverse  fault in<r  has  displaced 
these  bodies  eoiisideiably  at  some  j)oiuts.  The  mineral  content  of 
these  irrepdar  deposits  is  chiefly  pyrite  with  disseminated  chalco- 
pyrite.  a  snuiU  j)ercentage  of  pyrrhotite,  and  some  si)halerite  and 
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magnetite.  A  sample  taken  by  H.  W.  Turner*'  from  No.  1  lens  in 
the  Powell  adit  was  pulverized  and  treated  with  a  horseshoe  ma^iet 
and  yielded  7  per  cent  of  magnet itic  pyrite  or  pyrrhotite.  From  the 
remaining  sulphide  the  chak'opyrite  was  separated  and  each  of  the 
three  sulphide  minerals  was  then  assayed  to  ascertain  whether  the 
precious  metals  acGi>mpanied  a  particular  sulphide.  The  following 
results  were  obtained : 

Annlynift  of  sulphidcf*  from  Khayyam  mhn\  Skowl  Ann,  for  gold,  sUrrr,  and 

copprr. 


Cbalcopyrlto.. 

Pjrrhotlte 

Pyrite. 


G(>1«I.    '    Sllvor.      Copper. 


Percent. 

O.lfi 

.08 


Percent.  Percent. 

S.fiO  2!>.»7 

.62  2.iu 

.40  '2.lt> 


The  copper  content  of  the  pyrrhotite  and  pyrite  is  attributed  to 
finely  disseminated  chalcopyrite  in  them,  and  the  higher  content  of 
precious  metals  in  the  chalcoi)yrite  suggests  that  the  gold  and  silver 
favor  this  sulphide.  A  qualitative  test  of  the  pyrrhotite  ore  was  made 
for  nickel,  but  none  was  found.  The  values  in  the  ore  are  essentially 
in  copi)er  and  gold,  but  the  sulphur  content  is  considerable,  and 
through  this  constituent  alone  the  ore  may  be  of  value. 


MAMMOTH    (iKOrP. 


Loration. — ^The  Mammoth  and  Lake  View  claims  arc  situated  about 
1  mile  southeast  of  the  Khayyam  mine  at  1,200  feet  elevation,  just 
above  the  head  of  the  Khayyam  surface  tram  (fig.  8).  These  pros- 
pects are  along  the  same  general  line  of  strike  and  in  the  same  rock 
formation  as  the  Khayyam  deposits,  but  the  ore  bodies  ex])osed  are 
lode  deposits  of  fairly  uniform  width  and  continuous  iu  extent. 
The  mine  developments  on  these  i)roj)erties  consist  of  two  long  tun- 
nels and  several  open  cuts.  During  11)07  work  was  in  progress  from 
July  to  Octol>er. 

On'  bodies, — The  main  workings  an*  on  a  lode  deposit  some  20 
feet  wide  and  in  this  the  richer  ore  is  (oncent rated  along  the  hanging 
wall  across  a  width  of  2  feet.  The  strike  of  the  lode  is  X.  7.")'^  W. 
and  dip  80°  N.,  the  inclosing  rock  being  the  nietaniorplii<'  schists. 
Tlie  ore  mass  is  composed  of  pyrite,  j)yrrho(iie.  ('haleo[)yri(e.  some 
zinc  blende,  and  magnetite,  with  <|uartz,  calcite,  and  cldorite  occur- 
ring sparingly  as  gangue  minerals.  The  same  vein  has  been  exj)os(Ml 
on  both  Mammoth  No.  1  and  Xo.  2  claims  over  a  length  of  1,000 
feet  and  has  l)een  develope<l  i)rinci])a]ly  by  two  tunnels  ISO  and  Km 
feet  in  length,  at  elevations  of   I.IOO  j\n<i    1.2.V)   feet,  respectively. 

•MIn.  nnd  S -i.  rr."<s.  August   11.    IJmm;. 
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Other  ore  masses  and  bands  of  mineralized  schist  have  been  found  on 
these  claims  and  investigated  by  surface  stripping  and  open  cuts. 

GRAYINA   I8LAND. 

(2RNRRAL    DESCRIPTION. 

Gravina  Island,  containing  102  square  miles,  is  separated  from 
Revillagigedo  Island  by  Tongass  Narrows  and  forms  a  comparatively 
low,  heavily  timbered  mountain  mass  west  of  Ketchikan.  The  highest 
peaks  are  less  than  3,000  feet  altitude.  Along  the  northeast  and 
northwest  shores  of  the  island  rocks  of  the  slate-greenstone  belt  are 
exposed.  These  overlie  a  succession  of  older  schists,  limestones,  and 
occasional  conglomerate  beds  of  Devonian  and  lower  Carboniferous 
ages,  which  are  exposed  at  Vallenar  Bay  and  along  the  southeast  and 
southwest  shore  of  the  island.  Intruding  these  beds  are  large  masses 
of  diorite  which  form  a  considerable  portion  of  the  east  and  west 
mountain  ridges.  Intrusive  dike  rocks  of  various  composition  are 
also  present,  and  on  the  south  end  of  the  island  is  an  area  of  rhyolitic 
lava  flows  and  tuffaceous  beds  (PI.  II). 

The  mineral  deposits  consist  of  ore  bodies  bearing  both  copper  and 
gold  and  occurring  in  lodes  and  veins  in  irregular  masses.  Copper  de- 
posits are  being  developed  in  the  vicinity  of  Dall  Head  and  Seal  Bay, 
on  the  south  end  of  the  island,  and  near  Vallenar  Bay,  on  the  north 
end.  The  gold  deposits  are  confined  to  the  slate-greenstone  rocks 
along  the  northeast  side  o])p()site  Ketchikan. 

PROSPECTS   AT   SKAL   HAY   AM)   DALL    IIKAD. 

Considerable  j)rospecting  has  been  done  on  tlie  southern  end  of 
Gravina  Island,  copper-bearing  deposits  having  been  discovered  and 
exploited  at  several  localities.  The  geology  of  the  region  is  extremely 
intricate,  owing  to  the  great  variety  of  intrusive  and  extrusive  rocks 
and  to  the  intricate  faulting  wliich  has  aft'ected  the  entire  rock  com- 
plex. The  general  topogra{)hy  is  rough  and  is  controlled  apparently 
in  large  measure  by  the  bed-rcx'k  geology.  The  west  side  of  Gravina 
Island  is  flanked  by  a  range  of  hills  which  join  north  of  Dall  Bay 
with  an  abrupt  ridge  running  parallel  with  the  southeast  shore.  The 
latter  ridge  consists  largely  of  red-colored  porphyritic  lavas  and 
tufts,  frequently  intercalated  with  calcareous  deposits  in  which  traces 
of  fossils  are  visible.  West  of  Dall  Bay  banded  gneiss  covers  a  large 
area,  and  still  farther  west  in  a  small  bay  a  fossiliferous  limestone 
conglomerate  of  lower  Carboniferous  age  was  discovered,  which  con- 
tains abundant  altered  eruptives  and  is  underlain  to  the  south  by 
eruptive  ro(*ks  of  various  tyi)es.  Along  the  shores  of  Seal  Bay  a 
similar  conglomerate  (K^curs,  hut  it  is  less  calcareous  and  without 
fossil  remains.     Near  Seal  Bay  numerous  large  dikes  of  pegmatite 
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invade  the  schist,  quartzites,  and  p:*eenstones.  The  general  strike  of 
the  schists  is  about  north  and  the  dip  vertical  or  steep  toward  the 
east. 

The  ore  bodies  occur  chiefly  alon^  planes  of  juovement  in  the 
schists,  especially  along  the  ))lanes  of  Inulding  and  schistosity.  In 
geneniU  deposits  ai-e  found  sporadically  and  do  not  apj)ear  to  jH^rsist 
for  any  distance  along  the  surface.  No  ore  bodies  huve  yet  lx*en  de- 
veloped in  depth  in  this  ai-ea,  and  it  is  probable  that  their  occurrence, 
both  horizontally  and  vertically,  is  irregular.  The  oiv  is  chiefly 
pyrite  and  chalcopyrite,  carrying  some  gohl,  witli  (|uartz,  calcite, 
chlorite,  and  iron  carbonate  as  gangiic.  Witli  the  cx<*ei)tioii  of  one 
daim  near  Dall  Head, 

the  claims  in  this  area    I  ^^ 

have  been  develope<l 
very  slightly  during 
the  la.st  few  years  and 
have  changed  but  lit- 
tle since  1901,  when 
Brooks  visited  and  re- 
ported on  the  princi- 
pal claims.  It  will, 
therefore,  l>e  necessjiry 
here  only  to  supple- 
ment his  descriptions 
with  the  mention  of 
the  few  changes  that 
have  occurred  in  the 
intervening  years. 

On  the  Concord 
group  near  Dall  Head 
a  shaft  has  recently 
been  sunk  on  a  3-foot 
vein  striking  X.  20"* 
W.  and  dipping  verti- 
cally in  a  country  rwk 

of  metamorphosed  bk»ccia  conglomerate  (tig.  10).  Tlio  metallic 
minerals  are  pyrite  and  chalcopyrite  with  (jnartz  and  carbonate 
gangue.  Nearer  the  shore  on  the  SanfonI  grouj)  a  similar  vimh  has 
been  exposed  by  open  cuts  and  a  Aunt  shaft  in  a  mnch-altiMvd 
chlorite  rock,  but  high  values  do  not  characterize  these  ore  Ixxlies. 
The  claims  visited  by  the  writers  were:  The  Jewel  claim,  on  a  (juartz 
vein  with  pyrite  striking  north  and  south:  the  I)(m»  claim  on  a  <iuartz 
vein  3  to  f>  feet  wide,  striking  X.  *J0^  E..  containing  j)yrite  and  chal- 
copyrite, and  incloscMl  in  a  siliceous  <-hIorite  schist:  the  Buck  cVa\\\\.vw\ 
ft  wide  quartz  vein  in  altcr<»fJ  f///artzite  and  schist,  \s\\\d\  \s  y^vv>yUh\  \v^ 


M>. — Skpt<h     map    of    Seal    Covo    mid     I»aii 
sliowint;  locations  of  pro'iiM'Ots. 
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assay  well  in  gold  and  copper:  the  Damon  and  Plutyas  claims,  on  a 
quartz  vein  heavily  mineralized  with  pyrite  and  striking  X.  20°  W. 
in  a  banded  chlorite  country  rock ;  the  Bay  View  claim,  on  a  quartz 
vein  with  pyrite  and  chalcopyrite,  along  which  a  100-foot  drift  has 
been  driven;  the  Grotto  claim,  on  a  wide  vein  deposit  which  has 
been  developed  by  about  550  feet  of  drifts  and  crosscuts,  and  which 
occurs  along  slipping  planes  in  a  complex  country  rock  consisting 
of  chloritic  schists,  conglomerates,  and  altered  eruptive  masses;  the 
Big  Joe  claim,  on  a  well-defined  10-foot  quartz  vein  striking  north 
and  south,  which  carries  pyrite  and  some  chalcof)yrite  and  can  be 
traced  for  over  3,000  feet  in  much  metamorphosed  chlorite  schists; 
the  Hobo  and  the  War  Eagle  claims,  on  a  10-foot  vein  with  well- 
defined  walls  containing  pyrite  and  chalcopyrite;  the  Algonquin 
group  of  four  claims  and  the  Black  Warrior  group  of  three  claims, 
on  small  veins  of  the  usual  type  in  chloritic  schistose  country  rock; 
and  the  Carita  group,  located  in  a  cove  1  mile  west  of  Dall  Bay,  on  a 
quartz  vein  in  calcareous  conglomerate  carrying  stringers  of  chal- 
copyrite (fig.  10). 

PROSPECTS    AT   VALLENAR    RAY. 

During  the  early  mine  developments  of  the  Ketchikan  district 
in  18J)J)  and  11K)0  much  work  was  advanced  on  a  group  of  claims  at  the 
head  of  and  to  the  west  of  Vallenar  Bay  (PI.  II).  Shafts  were  sunk 
and  tunnels  driven,  but  the  ore  bodies  did  not  prove  to  be  extensive, 
so  that  work  whs  soon  suspended  and  has  not  been  resumed.  At  the 
Six  Point  proj>erty  on  the  west  side  of  the  bay  the  shaft  and  tunnel 
expose  a  quartz  vein  apparently  following  the  contact  of  a  diabase 
dike  and  containing  pyrite  with  some  chalcopyrite,  the  inclosing 
country  rock  h(»iiig  a  slaty  limestone.  The  vein  is  but  a  few  feet 
in  width  and  pinches  to  a  narrow  seam  in  several  places.  Southwest 
of  this  property  on  the  west  coast  of  the  island  is  the  White  Knight 
group  of  two  chiiins,  on  which  have  been  exposed  small  masses  of 
chalcopyrite  ore,  associated  with  pyrrhotite  and  ])yrite,  inclosed  in  a 
greenstone  country  rock.  Practically  no  work  has  been  done  on  these 
mineral  deposits  and  little  is  known  of  their  extent  and  value. 

CKNKKAI.    I)K.S(  KiniON. 

Duncan  Canal  is  an  inlet  *J()  miles  hmg  and  three-fourths  mile  to 
14  miles  wide,  on  the  south  side  of  Kupreanof  Island,  3  miles  west 
of  Wrangell  Straits.  At  th(»  head  of  the  bay  is  an  extensive  tide 
flat,  which  runs  dry  at  low  water  and  prevents  navigation  farther 
tlian  12  miles  from  the  entrance.  At  high  water,  however,  a  small 
launch  or  rowboat  can  proceed  to  the  head  of  tlie  long  arm,  shown 
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on  the  map,  and  from  this  a  low  marshy  valley  extends  northward 
across  the  island  to  Portage  Bay,  a  distance  of  5  miles  (fig.  11). 

The  rock  formations  of  this  canal  ai"e  made  up  essentially  of  slates 
and  greenstones  along  the  eastern  shore  and  of  calcareous  and 
fliliceous  schists  on  the  western  shore.  In  the  center  of  the  canal  is  a 
small  island  composed  of  lava  showing  basaltic  structui*e  (PI.  III). 

The  mineral  deposits  are  all  located  at  the  head  of  the  bay  and  are 
reached  by  trails  starting  from  the  center  arm.  They  consist  of  vein 
deposits  either  in  the  slates  and  gi'eenstone^s  or  in  the  schists,  ^vhich 
contain  principally  valuas  in  copper,  with  some  gold  and  silver.  None 
of  the  properties  have  been  de- 
veloped l)eyond  the  pros|wcting 
stage,  and  there  has  therefore 
been  no  production  in  this  sec*- 


rOBTAGE   MOUNTAIN   liKOUP. 


This  group  of  claims,  owned 

by  the  Portage  Mountain   Min- 
ing Company,  is  situated  4  miles 

from  tide  water  at  the  head  of 

Duncan   Canal,   at   an   elevation 

from  2,000  to  \U)00  ft»et  on  the 

west  sloi>e  of  Portage  Mountain 

(fig.  11).     The  rock  formations 
on   these    proi>erties    consist    of 
slates   and   greenstones   intruded 
by  diorite   masses  and   dikes  of 
diabase.     The  mineral  bodies  are 
vein  deposits  striking  northeast- 
ward  across  the  general   north- 
west trend  of  the  inclosing  slates 
and   gi*eenstones.     Several    veins 
at  various  points  have  been  lo- 
cated and  prospe<*ted  by  small  oj^en  cuts.    They  are  but  a  few  feet  wide 
and  contain  some  chalcopyrite  and  small  values  in  gold  and  silver, 
the   gangue   being  quartz   and    calcite.     Although    mineral -bearing 
veins  are  exposed  at  a  dozen  or  more  points,  no  large  ore  bodies  liavt* 
as  yet  been  developed  in  this  area. 


Vui.  11-  Map  Hhowlng  locntion  of  Portap' 
Mouutafn  and  Kupronnof  ^roupK  of 
tlalms  and  prospootH  at  the  hoa<l  of 
I  Duncan  Tanal. 


KIPRKANOK   CROl  r. 


The  Kupreanof  group  of  claims,  owned  by  the  Portage  Mountain 
Mining  Company,  lies  i\  miles  to  the  east  of  the  Portage  group.  It 
is  2i  miles  from  the  head  of  Duncan  Canal  and  at  an  elevatiou  of 
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800  feet  (fig.  11).  This  group  was  first  located  in  1900  and  was 
well  prospected  by  tunnels  and  shafts,  after  which  no  work  was  done, 
and  the  claims  were  relocated  in  1902.  Since  that  time  little  more 
than  the  annual  assessment  work  has  been  done.  On  this  property 
a  vein  deposit  200  feet  long  and  from  3  to  G  feet  wide,  having  a  north- 
easterly strike  and  dip  of  30®  N.,  into  the  mountain,  is  exposed 
at  several  ix)ints.  The  vein  material  is  composed  largely  of  sulphide 
minerals,  pyrite  and  pyrrhotite  predominating  and  containing  chal- 
copyrite  and  small  values  in  gold  and  silver.  The  gangue  is  quartz 
and  calcite.  A  considerable  (luantity  of  ore  of  moderate  grade  has 
been  deveIoi)ed  at  this  locality,  but  the  position  of  the  deposit  is  not 
now  favorable  for  economical  mining. 

TAYU)K  (REEK    l»R«Sl»ErTS. 

The  prospects  up  Taylor  Creek  are  located  li  miles  from  West  Bay 
at  the  head  of  Duncan  Canal  at  an  elevation  of  170  feet  (fig.  11). 
These  locations  wei'e  made  in  190^,  and  small  developments  have  since 
been  made.  An  open  cut  30  feet  long  on  the  west  side  of  the  creek, 
100  yards  above  a  cabin,  exiK)ses  a  12-foot  band  of  mineralized  lime- 
s^tone  inteisected  by  quartz  veinlets  and  containing  galena,  sphalerite, 
pyrite,  and  chalcopyrite  in  small,  scattered  patches.  The  strike  of 
this  deposit  was  X.  80°  W.  with  a  dip  of  45°  NE.,  parallel  to  the 
bedding  planes  of  the  inclosing  rocks.  Diabase  dikes  from  1  foot 
to  (>  feet  wide,  striking  northward,  were  observed  in  the  creek  bed 
intruding  the  rocks. 

GOLD  MINES. 

(JKMkRAL  stai>:!iii:m'. 

The  gohl  mines  of  the  Ketchikan  and  Wrangell  districts  are  few 
and  scattered,  and  only  a  small  nmnlK»r  of  the  many  gold  pros[H»cts 
and  claims  have  been  developed  to  the  producing  stage.  Although 
this  metal  is  widely  distributed  in  all  of  the  older  rock  formations, 
lx)th  in  veins  and  lodes,  it  is  rarely  found  in  deposits  of  sufficient 
size  and  grade  to  constitute  ore  bodies,  and  those  localities  where 
the  ore  bodies  are  Iwing  mined  are  necessarily  located  but  a  short 
distance  from  tide  water,  where  transiM)rtation  facilities  and  water 
power  an»  available.  The  ore  pro<lnced  by  th(»se  mines  is  for  the 
most  part  free-milling,  that  is,  an  ore  from  which  the  greater  jwr- 
centage  of  the  gold  content  may  Im»  extracted  by  amalgamation.  It 
is  therefore  most  advantageously  treated  in  a  stamp  mill  by  amal- 
gamation and  concentration,  and  the  concentrates  alone  should  be 
ship])ed  to  the  smelter  for  treatment,  though  in  certain  instances  where 
a  siliceous  ore  is  in  demand  the  gold  ore  has  been  sold  direct  to  the 
smelter.    In  general  the  vein  ores  contain  the  hirgest  values  per  ton. 
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but  the  lode  ores  though  lo\v(»r  in  grade  nre  preM^nt  in  greater  qimn- 
tity.    Both  tyjxjs  of  deposit  ai-e  being  mined  with  profit. 

thokm:  akn. 

General  description. — ^Thome  Arm  is  a  wide,  deep-water  indenta- 
tioD  in  the  southern  end  of  Kovilhigigedo  Ishuid.  Its  general  ti'end 
is  about  north  and  south  across  the  strike  of  the  underlying  country 
rock.  The  dissected  mountain  ridges  are  less  precii>itous  and  lower 
.  than  those  to  the  east  and  rai-ely  exceed  2,000  feel  in  elevation.  Abun- 
dant evidence  of  intense  ice  abrasion  characterizes  the  landscai)e  on 
all  sides.  The  shore  line  is  abru])t  and  rocky  and  near  the  head  of 
the  bay  should  be  approached  in  boats  with  caution  l>ecause  of  hidden 
reefs  and  WK'ky  shelves  which  extend  far  into  the  bay. 

The  bed-rock  geologj'  is  complex  and  structurally  intricate  (PL  II). 
At  the  upper  end  of  Thorne  Arm  are  crystalline  schists  and  lime- 
slones,   whereas   toward    the    central    part    slates    and    greenstones 
intnidcd  by  large  masses  of  altered  basic  igneous  rocks  predominate. 
The  entire  complex  is  further  cut  by  later  granitic  and  dioritic  intru- 
sive dikes  and  stocks  similar  in  character  to  the  Coast  Kange  granodi- 
orite.    The  southern  third  of  the  bay  cuts  acnxss  a  wide  intrusive  l)elt 
of  granodiorite,  which  in  places  contains  garnet  as  an  accessory  con- 
stituent and  is  noteworthy  l>eaiuse  of  its  uniform  composition  and 
api)earance  and  the  abs(»nce  of  dikes  which  prevail  along  the  west- 
ern contact   of  the   Coast   Range   intrusives.     Dike   rocks,   ranging 
in  composition  from  diabase  to  aplite  and  quartz  porphyry,  are  also 
common.     At  the  Sealevel  mine  a  dike  rcx'k  occurs  in  conjuncticm 
with  the  oi-e  body  and  was  des<;ril>ed  by  Brooks "  as  an  alti»red  rhyo- 
lite  (aporhyolite).     It  is  int(»r(»sting  because  of  its  probable  Iwaring 
on  the  genesis  of  the  ore.     The  latest  rocks  in  the  Thorne  Arm  region 
are  postglacial   basaltic   lava   flows,   which  occur   as  wide  surficial 
sheets  near  the  northwest  head  of  the  bay,  also  northeast  of  Sealevel 
and  5  miles  to  the  south  along  the  shore.     Tlies(»  lava  flows  are  of  the 
usnal  feldspar  basalt  tyjH*  with  wrcasional  crystals  of  olivine  showing 
only  slight  alteration  and  are  in  many  places  vesicular  and  rough  in 
appearance;  columnar  jointing  characterizes  many  exposures.     Al- 
though postglacial,  tliest*  lavas  are  covered  more  or  less  completely 
with  a  dense  foi-est  gi'owth. 

Mineralization  is  widespread  in  this  region,  esi)ecially  near  the 
intrusive  granite  masses.  Near  Sealevel,  where*  pros])ecting  has  l>een 
done  most  energetically,  the  values  are  contained  in  gold-  and  silver- 
bearing  quartz  veins  included  in  th(»  s(»ricite  and  greenstone  schists  and 
usually  following  or  crosscutting  an  nitrusive  dike  rock.  The  v(Mns 
trend  in  a  general  northeasterly  direction  and  dip  southeast  at  varia- 

•  Brooks,  A.  U.,  Trof.  Pap.-r  TT.  S.  (ieol.  Surroj-  No.  1,  lOOii,  i».  «r». 
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ble   angles,   frequently   filling  original   slipping  planes  or   fissures 
bounded  by  free  walls  with  more  or  less  gouge  material. 

The  ore  consists  usually  of  the  sulphides,  pyrite,  pyrrhotite,  galena, 
and  sphalerite  in  variable  quantities,  together  with  occasional  parti- 
cles of  native  gold.  The  gangue  minerals  are  chiefly  quartz  and  cal- 
cite  with  variable  amounts  of  chlorite,  muscovite,  siderite,  and  per- 
haps feldspar.  Considerable  gold  was  extracted  from  the  Sealevel 
vein  several  years  ago,  though  in  the  last  few  years  no  work  has  been 
done. 

The  accompanying  sketch  map  (fig.  12)  was  drawn  largely  from 
h"astily  paced  traverses  and  presents  only  the  general  location  of  the 
more  important  claims.  Many  other  claims  were  observed,  but  they 
have  been  developed  so  slightly  and  relocated  so  frequently  that  it 
was  not  possible  in  the  short  time  available  to  unravel  the  latest  loca- 
tion notices  and  to  trace  out  the  latest  lines  in  the  maze  of  inter- 
weaving lines  of  previous  locations. 

Sealevel  mine, — The  Sealevel  property  has  been  in  litigation  for 
several  years,  and  developments  have  progressed  very  slowly  in  con- 
sequence. Conditions  have  changed  but  slightly  since  the  visit  of 
Alfred  H.  Brooks  in  1001,  and  his  descriptions  apply  equally  well  to 
present  conditions.  The  claim  is  situated  near  the  noi^theast  head- of 
Thorne  Arm  and  has  been  developed  underground  by  a  3-compart- 
ment  shaft  12r)  feet  deep  with  two  drifts  along  the  ore  body  at  tlie 
50-  and  12r>-f()()t  levels  resi)ectively,  the  total  length  of  which  with 
crosscuts  is  over  1,1^00  feet.  A  short  tunnel  with  a  winze  has  recently 
been  driven  on  the  vein  at  a  point  ^^50  feet  X.  ()0°  E.  of  the  shaft 
house.  The  vein  is  exposed  at  several  other  points  by  open  cuts  and 
appears  to  continue  into  the  adjoining  Sea  Breeze  claim.  The  sur- 
face eciuipnient  is  adequate  and  consists  essentially  of  a  rock  house  at 
an  elevation  of  250  feet,  connected  by  an  inclined  tram  with  a  30- 
stainp  mill  at  the  beach.  The  power  is  furnished  by  a  pipe  line  from 
Gokachin  Falls,  1  mile  distant.  The  stamp  mill  was  in  operation 
fi'oni  July,  1001,  to  July,  10()i>,  and  considerable  gold  was  recovered, 
but  since  that  time  it  has  been  practically  idle. 

The  country  rock  at  this  claim  is  composed  of  various  types  of^ 
schist,  the  greenstone  and  calc  schists  predominating  and  striking  in 
general  west  of  north  with  variable  dips  to  the  east.  Folding  is 
not  unconnnon  and  evidences  of  slipping  are  noticeable  at  many 
points.  Dikes  of  l)lue  altered  porphyry  crosscut  the  schists  in  a 
direction  X.  (>0^  E.  with  a  dip  (')5°  SP3.,  and  are  in  turn  cut  by  the 
mineral-bearing  quartz  veins.  Under  the  microscope  the  dike  rock 
appears  so  highly  altered  that  its  original  texture  is  obliterated  to 
a  large  extent.  Secondary  quartz,  nniscovite,  calcite,  chlorite,  and 
pyrite  are  present  in  abundance  and  indicate  only  by  their  general 
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gnnipmg  the  outlines  of  the  feldspars  and  colored  silicates  from 
vfaidi  they  have«been  derived.  The  original  texture  of  the  rock  was 
porphyritic,  with  phenocrysfc?  of  quartz,  plagioclase,  and  a  colored 


55*^31^' 


lilictte  embedded  in  a  fine  matrix  of  similar  composition.    The  gen- 
eral term  porphyry  applies  to  rocks  of  this  type,  although  this  par- 
ticular rock  is  less  •  siliceous  than  the  usual   porphyry.    1\\A\3l3l^^\ 
40840— BulJ.  347-^ 10 
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within  the  quartz  veins  at  the  Sealevel  mine  are  large  fragments  of 
this  rock  which  are  said  to  carry  as  high  values  in  precious  metals 
as  the  quartz  veins  carry.  Cubes  of  pyrite  occur  frequently  in  all 
parts  of  the  dike  and  the  schistose  country  rock,  but  the  values  seem 
to  be  confined  to  the  walls  adjacent  to  the  vein.  Two  parallel  veins 
15  feet  apart  have  been  followed  by  the  underground  workings,  an 
easterly  one  5  feet  wide  and  a  westerly  one  1  to  2  feet  wide.  At 
the  time  of  visit  only  the  50-foot  level  was  accessible,  the  lower 
workings  being  filled  with  water.  The  two  veins  there  exposed  are 
well  defined  and  show  frequent  evidence  of  minor  faulting.  Numer- 
ous offshoots  and  stringers  branch  from  the  main  vein  into  the  dike 
rock  without  change  in  general  aspect.  The  course  of  the  belt  of 
quartz  veins  and  mineralization  crosscuts  the  25-foot  porphyry  dike 
and  passes  into  the  adjacent  greenstonfe  schist.  The  degree  of  min- 
eralization of  the  veins,  however,  appears  much  greater  within  the 
limits  of  the  dike  than  in  the  adjacent  schists.  This  belt  has  been 
traced  by  open  cuts  and  prospect  tunnels  for  about  2,000  feet  and 
preserves  its  general  character  throughout  that  distance. 

The  ore  consists  essentially  of  pyrite,  galena,  and  sphalerite,  with 
occasional  flakes  of  native  gold  and  a  gangue  of  quartz  with  some 
muscovite.  The  larger  percentage  of  the  gold  content  is  said  to  be 
free  milling,  while  the  value  of  the  concentrates  recovered  is  reported 
to  be  moderate.  The  mine  is  favorably  situated  for  the  economical 
treatment  of  the  ore. 

Sea  Breeze  clmm. — The  Sea  Breeze  claim  adjoins  the  Sealevel  on 
the  northeast  and  is  located  on  the  extension  of  its  mineralized  belt. 
The  developments  consist  chiefly  of  two  short  tunnels  and  numerous 
open  cuts  which  expose  the  vein  for  a  long  distance.  The  veins  occur 
frequently  in  or  near  a  wide  porphyry  dike,  which  invades  the  green- 
stone country  rock  imder  conditions  similar  to  those  at  the  Sealevel 
property.  The  quartz  veins  are,  however,  less  regular  and  vary  in 
width  from  1  to  8  feet.  Faulting  and  intense  fracturing  and  rapid 
variation  in  mineralization  are  characteristic  features  of  this  vein. 
The  ore  consists  of  porphyry,  galena,  and  sphalerite,  with  an  occa- 
sional speck  of  native  gold  in  the  gangue  of  white  quartz.  The  values 
in  this  vein  are  reported  to  be  in  general  low  with  much  variation  in 
metal  content  within  the  vein,  the  content  being  apparently  propor- 
tional to  the  amount  of  mineralization. 

Golden  Rod  claim, — Although  the  Golden  Rod  claim  adjoins  the 
preceding  claim  on  the  northeast,  it  is  located  on  a  vein  of  different 
character  outcropping  in  a  different  country  rock.  Several  open 
cuts  along  the  northern  slope  of  a  steep  hill  of  granodiorite  expose 
the  quartz  vein,  which  at  a  point  320  feet  above  sea  level  was  16  feet 
wide,  with  a  strike  N.  50^  E.  and  a  dip  80°  SE.  The  granodiorite 
country  rock  is  aplitic  in  character  and  often  gneissoid  in  structure, 
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Mineralization  is  slight  and  the  values  are  said  to  be  correspondingly 
low. 

Googoo  claim. — The  (Joogoo  claim  was  located  in  1905  on  a  western 
extension  of  the  Golden  Rod  claim.  At  the  point  of  discovery  a 
quartz  vein  22  feet  wide  has  been  developed  by  a  shaft  20  feet  deep. 
To  the  northeast,  however,  the  vein  is  only  8  feet  wide  and  has  been 
developed  by  a  tunnel  15  feet  long.  Free  gold,  pyrite,  sphalerite, 
and  some  galena  were  noted  in  the  vein  on  this  claim,  and  pockets 
containing  considerable  free  gold  are  reported  to  have  been  found. 

Majestic  claim. — ^The  Majestic  claim,  originally  known  as  the 
Mother  Lode  claim,  adjoins  the  Googoo  claim  on  the  southwest.  On 
this  property  a  quartz  vein  20  feet  wide  occurs  inclosed  in  the  altered 
schists.  The  strike  of  the  vein  is  N.  63*^  ¥j.  and  the  dip  80^  SE.,  and 
it  may  represent  the  continuation  of  the  Googoo  vein.  Pyrite, 
sphalerite,  and  galena  were  noted  in  the  quartz  gangue.  The  devel- 
opments consist  of  an  open  pit  10  feet  deep  and  a  tunnel  10  feet  long 
neftr  the  center  of  the  claim. 

Golden  Banner  claim. — The  Golden  Banner  claim,  originally 
located  as  the  Golden  Tree  claim,  is  located  on  Gokachin  River  about 
a  mile  from  the  beach.  The  principal  developments  on  this  property 
consist  of  a  tunnel  60  feet  in  length.  The  country  rock  is  composed 
of  several  types  of  schist,  striking  in  general  N.  15°  W.  and  dipping 
85**  SW.,  intruded  by  a  porphyry  dike,  which  forms  the  hanging  wall 
of  the  quartz  vein  at  the  shaft.  The  vein  varies  in  width  1  foot  to  6 
feet  and  is  faulted  slightly  at  several  points.  At  the  shaft,  which  is 
situated  on  the  crest  of  the  ridge  north  of  Gokachin  River,  the  vein 
is  3  feet  wide,  and  it  can  be  traced  over  150  paces  from  the  shaft  in  a 
direction  N.  eS''  E.  with  a  dip  70°  to  80°  SE.  The  ore  is  made  up  of 
pyrite,  galena,  and  sphalerite,  with  occasional  particles  of  free  gold, 
in  a  quartz  gangue.  The  values,  which  are  probably  irregularly  dis- 
tributed, have  not  been  actually  determined. 

Bahy  George  claim. — The  Baby  George,  which  has  received  very 
little  development,  is  located  at  the  mouth  of  Gokachin  River.  A 
short  prospect  tunnel  has  been  driven  to  expose  the  quartz  vein,  which 
is  10  feet  wide  and  occurs  in  argillites  and  greenstone  schist. 

Wild  West  claim. — ^The  Wild  West  claim,  a  relocation  of  the  Tide 
Water  claim,  is  situated  on  the  south  bank  of  Gokachin  River  near 
its  mouth.  The  ore  body  consists  of  several  quartz  stringers  about  1 
foot  wide,  striking  X.  60°  E.  and  dipping  70°  SE.,  and  inclosed  in 
banded  argillites  and  sericite  schists.  The  developments  are  slight 
and  consist  of  surface  cuts  only. 

High  Horse  claim. — The  High  Horse  claim,  a  relocation  of  the 
Monster  claim,  lies  east  of  the  Wild  West  and  has  been  developed  by 
open  cuts  and  a  short  prospect  tunnel.    The  vein  varies  from  0  inches 


148      KETCHIKAN   AND   WRANGELL   MINING   DISTRICTS,  ALASKA. 

to  3  feet  in  width,  strikes  N.  55°  E.  and  dips  75°  SE.,  and  occurs  in  a 
complex  of  schists  striking  N.  50°  W.  and  dipping  80°  NE.  The  ore 
consists  chiefly  of  pyrite  with  some  sphalerite.  Pyrite  cubes  are  also 
abundant  in  the  adjacent  schists. 

Salve  claim. — The  Salve  claim  is  situated  north  of  Sealevel  and 
i*uns  from  Russel  Point  northerly  parallel  to  the  shore  line.  The 
vein  is  exposed  by  an  open  cut  and  test  pit  and  is  essentially  a  band  of 
mineralized  sericitic  schist  with  few  small  stringers  of  quartz.  The 
schists  in  the  vicinity  strike  in  general  N.  20°. W.,  dip  70°  NE.,  and 
show  folding  and  some  faulting.  Dikes  of  porphyry  cut  the  schists 
in  a  northeasterly  direction  and  at  one  point  are  apparently  later 
than  the  quartz  stringers.    The  ore  is  pyrite  with  low  values  in  gold. 

Queen  and  Baltic  claims. — The  Queen  and  Baltic  claims  are  situ- 
ated north  of  the  Salve  claim  and  are  both  located  on  a  quartz  vein 
which  has  been  exposed  by  open  cuts,  two  short  prospect  tunnels,  and 
an  inclined  shaft  40  feet  deep.  The  vein  trends  in  general  east  and 
west,  with  a  steep  to  vertical  dip,  and  cuts  across  the  cleavage  of  the 
inclosing  schists,  which  strike  N.  20°  W,  and  dip  70°  NE.  The  vein 
varies  in  width  from  1  to  6  feet  and  consists  of  quartz  with  some  py- 
rite, sphalerite,  and  low  values  in  gold. 

Baltic  Star  rlmm. — The  Baltic  Star  lies  north  of  the  preceding 
claims  and  has  been  developed  still  less.  The  quartz  vein  is  included 
in  mineralized  schist  and  trends  N.  00°  E.  with  a  dip  75°  SE.  It  is 
1 J  feet  wide  and  has  been  traced  for  300  feet  in  length.  Pyrite,  sphal- 
erite, and  galena  with  low  free-gold  values  constitute  the  ore,  with 
quartz  as  gangue. 

Tj/ee  claim, — The  ore  body  of  the  Tyee  claim  near  Granite  Lake  is 
noteworthy  because  it  occurs  wholly  within  a  wide  granite  mass.  The 
vein  is  4  feet  in  width,  strikes  east-west,  dips  78°  S.,  and  contains 
besides  quartz  small  quantities  of  pyrite,  sphalerite,  and  galena,  with 
low  values  in  gold. 

MassachiisettH  claims  Nos,  1  and  2, — The  two  adjoining  Massachu- 
setts claims,  originally  known  as  the  Keystono  claims,  ai-e  situated 
northeast  of  Sealevel.  The  trail  leading  to  the  claims  passes  over  a 
wide  area  of  postglacial  basaltic  lava,  elevated  plateau-like  above  the 
surrounding  country  and  remarkably  level  on  top.  At  the  claims  a 
tunnel  80  feet  in  length  and  500  feet  in  elevation  has  been  driven: 
also  a  shaft  has  been  sunk  80  feet  on  the  vein,  and  a  drift  from  the 
shaft  50  feet  in  length  and  several  open  cuts  have  been  made.  The 
country  rock  consists  largely  of  schists  with  some  interbedded  green- 
stones striking  north  and  south  and  dipping  northeast  at  steep 
angles.  On  the  dump  from  the  shaft  were  fragments  of  granite  prob- 
ably derived  from  an  intrusive  dike  exposed  by  the  shaft,  which  at 
the  time  of  visit  was  filled  with  water.    At  the  surface  the  vein  is  5 
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feet  in  width,  but  in  depth  it  decreases  to  6  inches  and  divides  into 
small  stringer  veins.  The  ore  consists  of  pyrite,  galena,  and  sphaler- 
ite in  a  gangue  of  white  quartz.  The  values  in  gold  are  said  to  be 
f«vorable  near  the  surface. 

Lake  tiahns  Nott.  /,  ^,  a7id  J. — These  claims  have  recently  been 
located  on  Fish  Creek  near  the  junction  with  Silver  Creek  and  the 
Falls.  They  have  not  yet  been  developed  to  any  extent  and  nothing 
definite  is  known  as  to  their  value.  The  country  rock  consists  of 
micaceous  and  greenstone  schists,  invaded  by  a  gi'anite  mass.     The 

included  quartz  veins 
are  similar  in  character 
and  contain  pyrite,  ga- 
lona,  and  sj)halerite  in 
small  quantities.  One 
({uartz  vein  on  Lake  No. 
•J  and  Lake  No.  3  meas- 
ures GO  feet  in  width  at 
(me  point  and  runs  N. 
15°  W.,  with  vertical  dip 
across  the  cleavage  of 
the  schists. 

(rciKKiI  (/f'.sf  riptf'on, — 
(leorge  Inlet  is  one  of 
the  deep  embayments  on 
the  southwest  side  of 
Kevilhi^i^edo  Island 
li  a  V  i  n  g  a  length  of 
nearly  18  miles  an<l 
varying  from  threi*- 
fourtlis   of  a    mile   to  2 

7iQ.   13d — Sketch  map   sliowinK   location   of    prospotts    miles    in    width     (see    PI. 
a<Uacent  to  Greorge  Inlet  and  Tonjrass  Narrows.  ,--  ...         ...         .i.      ^ 

II  and  hg.  18).  Start - 
ingat  its  entrance  and  following  inland,  the  greenstones  and  argil- 
iiceous  slates. are  fii*st  exposed  for  -J  miles  along  the  north  shore:  a 
granite  belt  2^  miles  wide  is  then  crosscut  and  is  followed  by  more 
argillaceous  folates  with  occasional  greenstone  beds.  Toward  the 
head  of  the  inlet  the  crystalline  schists  interstratified  by  belts  of 
marble  compose  the  shore  exj^osures.  The  general  strike  varies  from 
X.  10**  to  50**  W.  and  the  dip  usually  steep  to  the  southwest.  The 
9K  bodies;  so  far  discovered  are  all  located  on  the  northwest  shore 
of  the  inlet  from  o  to  10  miles  from  its  entrance.  Thesi*  ccmsist  of 
both  large  and  small  vein  deposits  striking  parallel  and  at  a\i^^^  V;) 
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the  bedding  plane  of  .the  schists.  The  principal  values  contained 
are  in  gold,  which  in  some  of  the  deposits  is  associated  with  galena 
sphalerite  and  pyrite  in  considerable  amounts. 

Peterson  group. — ^This  property  of  four  claims  is  situated  close  to 
tide  water  on  the  northwest  shore  of  George  Inlet  about  5  miles  from 
the  entrance  and  has  been  prospected  by  open  cuts  and  two  short 
tunnels.  The  principal  vein  deposit  occurs  along  vertical  slipping 
planes  which  parallel  the  rock  structure  in  strike  but  intersect  the 
beds  in  dip.  The  schist  formation  at  this  point  strikes  N.  35®  W.  and 
dips  50°  SW.  The  vein  varies  greatly  in  width,  averaging  15  feet, 
and  is  reported  to  have  been  traced  for  1,000  feet  along  its  trend,  its 
walls  being  defined  by  gouge  seams.  The  metallic  minerals  con- 
tained are  pyrite,  galena,  zinc  blende,  pyrrhotite,  in  a  gangue  of 
quartz,  calcite,  and  graphite.  Well-defined  gouge  planes  limit  the 
deposit  in  many  places.  The  values  reported  include  both  gold  and 
silver.  Other  vein  deposits  have  been  exposed  on  this  property,  but 
still  remain  undeveloped. 

Lon-de-Van  group. — This  property  of  eleven  claims,  originally 
called  the  Telegraph  group,  is  located  on  the  north  side  of  Greorge 
Inlet,  5  miles  above  the  Peterson  group.  On  this  property  six  well- 
defined  and  persistent  veins  have  been  exploited  by  open  cuts  and  tun- 
nels at  different  points  along  their  strike.  The  country  rock  consists 
largely  of  banded  argillites  and  black  slates  with  occasional  acidic 
porphyry  intrusives.  Two  sets  of  veins  occur,  an  old  transverse  set 
filling  cross- fracture  cracks  in  the  sedimentary  complex,  and  in  one 
instance  attaining  a  remarkable  thickness;  and  a  second  system  filling 
planes  of  movement  along  the  beds  of  the  formation  and  striking 
usually  N.  10°  W.  with  variable  dip,  in  <reneral  about  50°  SW.  Six 
veins  of  the  second  type  have  been  discovered,  one  of  which  has  been 
traced  for  several  thousand  feet  in  lenirth.  The  veins  vary  from  1 
to  4  feet  in  width  and  many  of  them  are  adjacent  to  intrusive  por- 
phyry dikes.  The  metallic  minerals  contained  are  pyrite,  galena, 
and  sphalerite,  in  a  ([uartz  and  calcite  gan^rue.  Moderate  values  in 
gold  and  silver,  the  latter  in  some  instances  exceeding  the  gold  con- 
tent, are  reported.  Only  a  small  percentage  of  the  gold  is  free-mill- 
ing, and  it  will  be  necessary  to  concentrate  the  ore  to  recover  its  values. 
The  cross  veins,  one  of  which  has  a  thickness  of  several  hundred 
feet,  carry  lower  values  than  the  strike  veins  and  but  a  small  amount 
of  pyrite,  and  are  therefore  still  undeveloped.  Openings  have  been 
made  on  these  deposits  at  different  points  extending  from  tide  water 
to  a  point  a  mile   from  the  shore,  at   an  elevation  of  1,000  feet. 

Ashe^s  group. — This  group  is  located  about  3  miles  above  the  Lon- 
de-Van  gi'oup  near  tide  water  at  a  small  embayment  on  the  north  side 
of  George  Inlet.  The  vein  deposit  at  this  ])oint  follows  a  porphyry 
dike  which  in  turn  is  parallel  to  the  inclosnig  slates  and  schists,  and 
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has  been  exploited  by  a  short  tunnel  and  several  open  cuts.  The 
vein  is  about  2  feet  wide,  striking  N.  75®  W.  and  dipping  10*^  to 
20®  NE.,  though  both  strike  and  dip  vary  considerably  at  the  different 
exposures.  It  contains  abundant  galena  and  sphalerite  in  a  quartz- 
calcite  gangue  carrying  small  gold  and  silver  values.  The  porphyry 
dike  is  also  impregnated  to  a  small  extent  with  these  minerals.  The 
developments  on  this  deposit  include  a  35-foot  tunnel,  a  short  shaft, 
and  several  open  cuts. 

TOKGA88  1I1BB0W8. 

General  description. — Along  the  shores  of  the  narrow  body  of 
water  called  Tongass  Narrows,  which  separates  Revillagigedo  and 
Gravina  islands,  greenstone  schists  and  black  slates  outcrop  and  trend 
in  general  parallel  to  the  shore  line  (see  PI.  II).  On  the  Revil- 
lagigedo Island  side  of  the  narrows  a  number  of  claims  have  been 
located,  but  no  ore  bodies  of  importance  have  yet  been  developed. 
The  ore  bodies  include  both  quartz  veins  and  bedded  deposits  and  fre- 
quently occur  near  intrusive  porphyry  and  aplitic  dikes.  The  moun- 
tains east  of  Tongass  Narrows  trend  parallel  to  the  coast  and  range 
from  2,000  to  3,000  feet  in  elevation.  They  are  composed  largely  of 
granite,  which  intrudes  the  greenstones  and  slates.  Several  of  the 
quartz  veins  near  the  contact  of  the  intrusive  masses  with  the  sedi- 
mentaries  are  sporadically  very  rich  in  free  gold,  but  the  average  con- 
tent is  low. 

Hoadley  group. — ^I'he  Hoadley  gi'oup  includes  live  claims  and  is 
located  about  2  miles  north  of  Ketchikan  and  one-half  mile  from  the 
beach  (fig.  13).  The  developments  consist  chiefly  of  open  cuts  and 
short  drift  tunnels,  besides  an  arrastre  in  which  the  free-milling  ore  is 
treated.  The  country  rock  consists  of  siliceous  and  argillaceous 
schists  striking  northwe^st  and  intruded  by  large  granitoid  dikes, 
usually  parallel  to  the  formation  and  ranging  in  composition  from 
syenites  to  gabbros.  The  veins  occur  within  these  intrusives,  vary 
from  4  to  24  inches  in  thickness,  and  are  usually  but  a  few  hundred 
feet  in  length.  There  are  two  sets  of  veins,  an  older  set  containing 
chiefly  pyrite  ahd  i)yrrhotite  and  striking  north  and  south  with  dip 
45®  W.:  a  second  and  later  set  striking  N.  20°  to  35°  W.  and  dipping 
usually  50®  SW.,  characterized  by  arsenopyrite,  abundant  free  gold, 
and  occasional  particles  of  tetradyniite,  which  have  been  incorrectly 
considered  as  telluride  of  gold  by  the  prospectors  in  this  region. 
These  veins  are  narrow  and  gold  is  seldom  found  in  sufficient  quantity 
to  encourage  extended  mining  operations. 

WUd  Cat  group. — The  Wild  Cat  claims  are  located  southeast  of 
the  Hoadley  group  and  on  veins  of  similar  character  occurring  in  a 
syenite  intrusive  in  the  schist  formations.  The  schists  strike  N.  50® 
W.  and  dip  20®  SW.,  while  the  dike  trends  N.  35®  W,  aud  d\v^  ^2^^^ 
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SW.  Two  sets  of  veins  occur,  and,  as  at  the  Hoadley  group,  the  pyr- 
rhotite-bearing  veins  are  the  older.  The  developments  consist  chi^hfr 
of  open  cuts,  short  tunnels,  and  shafts.  A  sample  test  of  5  tons  of  ore 
from  one  of  these  veins  is  reported  to  have  given  high  values. 

Birdseye  claim. — The  Birdseye  claim  is  located  on  the  shore  of 
Revillagigedo  Island  4  miles  south  of  Ketchikan.  Although  this 
vein  was  one  of  the  first  to  be  discovered  in  the  Ketchikan  district* 
little  development  has  been  accomplished.  Surface  stripping  and  a 
shaft  32  feet  deep  constitute  the  entire  improvements.  The  vein 
which  outcrops  on  the  beach  is  3  to  5  feet  wide  and  occurs  in  a  por- 
phyry dike  intrusive  along  the  bedding  planes  in  the  slate-schist 
formation,  striking  N.  30°  to  50°  W.  and  dipping  45°  NE.  This  dike, 
which  varies  from  10  to  20  feet  in  width,  includes  many  fragmtots  of 
black  slate,  and  adjacent  to  the  vein  is  impregnated  with  sulphide 
minerals.  The  minerals  contained  in  the  vein  are  pyrite,  galena, 
zinc  blende,  and  free  gold.  In  the  schist  and  black-slate  country 
rock,  quartz  veins  were  also  observed,  though  these  are  older  than  the 
porphyry  dike  and  do  not  carry  values. 

Laakawonda  group. — The  Laskawonda  property  of  three  claims  is 
located  near  Ketchikan  and  is  reached  by  a  well-constructed  board 
walk  which  was  to  have  served  as  a  tramway.  The  developments  con- 
sist of  a  shaft  located  half  a  mile  from  the  town  at  an  elevation  of 
175  feet  and  reported  to  be  85  feet  deep,  a  short  tunnel,  and  surface 
strippings.  The  ore  body  is  a  slightly  mineralized  band  of  the  green- 
stone schist  formation,  striking  N.  50°  W.  and  dipping  50°  XE., 
which  is  cut  by  a  few  small  quartz  veinlets.  The  metallic  minerals 
contained  are  pyrite  with  some  chalcopyrite,  occurring  in  the  quartz 
veinlets  and  in  the  greenstone  schist.  For  the  last  few  years  work 
has  been  suspended  on  this  property. 

CLEVELAND  PEMXSULA. 

General  description. — Cleveland  Peninsula  lies  between  Behm 
Canal  and  Ernest  Sound  and  its  elongation  coincides  with  the  gen- 
eral trend  of  its  constituent  mountains.  The  general  geology  is 
comparatively  simple;  the  northeastern  pail  of  the  peninsula  con- 
sists of  the  Coast  Range  granite,  which  is  flanked  on  the  southwest 
by  the  schist  belt,  which  in  turn  farther  south  grades  into  the  black 
slates  or  argillites.  Near  the  southern  end  of  the  peninsula  wide 
belts  of  greenstone  and  greenstone  schists  and  occasional  limestone 
beds  are  intercalated  in  the  slates  (see  PI.  II). 

Masses  of  intrusive  diorite  occur  within  the  greenstone-argiUite 
area,  and  in  at  least  one  place  have  been  found  to  contain  ore-bear- 
jng  quartz  veins.  Between  Helm  Bay  and  Vixen  Inlet  is  a  conspicu- 
ous red-brown  mountain  made  up  of  an  immense  mtrusive  mass  of 
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peiidotite  with  serpentine  and  ferric  oxide  as  weathering  products. 
The  strata  trend  in  general  northwesterly,  with  local  variations  due 
to  folding,  and  dip  northeast  at  different  angles.  Near  the  granite 
contact, -at  Spacious  Bay  and  Vixen  Inlet,  the  beds  are  much  folded 
and  are  in  general  flat  lying,  but  to  the  south  the  strike  becomes 
more  uniform  and  the  dip  steeper  and  in  places  the  dip  is  to  the 
southwest.  Quartz  veins  are  widely  distributed  throughout  the 
entire  formation  and  have  been  prospected  at  only  a  few  ]3oints. 
Prospectors  in  the  region  have  learned  by  experience  that  the  veins 
of  value  are  confined  essentially  to  a  wide  greenstone  schist  l)elt  over 
1  mile  in  width  and  extending  from  the  west  side  of  Helm  Bay 
across  the  peninsula  to  Union  Bay.  The  values  are  variable  and, 
although  occasionally  high  for  a  short  distance,  are  low  in  average 
and  must  be  mined  economically  in  order  to  be  liroHlable. 

Gold  Htandard  group, — The  Gold  Standard  group,  belonging  to 
the  Alaska  Gold  Standard  Mining  Com|)any.  embraces  IT  claims 
located  on  the  west  side  of  Helm  Bay  about  iij  miles  from  the  head  of 
the  bay  and  one-half  mile  from  tide  water  (fig.  14).  Discoveries  at 
this  point  were  first  made  in  1897,  and  in  1898  the  ore  from  a  rich  ore 
shoot  near  the  surface  was  treated  in  an  arrastre  and  reported  to 
have  yielded  about  $20,000  in  value.  In  181)1)  a  5-stamp  water-power 
mill  was  installed,  several  buildings  erected,  and  a  tramway  built 
from  the  mine  to  the  mill  and  from  the  mill  to  the  beach  one-half 
mile  distant.  During  11)00  the  mill  was  ojH»rate<l  and  considerable 
mining  developments  accomplished,  but  at  the  close' of  the  year  work 
was  suspended.  In  the  following  years  operations  on  a  small  scale 
were  advanced,  but  not  until  IDOf)  did  active  work  Ix^gin  again,  when 
a  small  shipment  of  high-grade  ore  is  reported  to  have  been  made  and 
a  considerable  output  of  bullion  was  made  from  the  stamp  mill.  The 
mine  is  developed  by  a  shaft  starting  at  a  point  2:25  feet  above  tide 
water  and  150  feet  in  depth  following  the  vein,  and  from  this  two 
drifts  have  been  extended  developing  the  ore  in  depth.  Resides 
these  workings  short  tunnels  and  several  small  shafts  have  been 
started  at  other  points  on  this  i)roperty. 

The  countiy  rock  at  this  locality  is  gieensione  schist  interstratified 
by  argillaceous  l)eds,  the  general  strike  being  X.  ^1^  W.  and  the  dip 
60°  NE.  Two  systems  of  quartz  veins  occur  in  these  schists,  the  older 
set,  which  are  the  larger  vein.^,  striking  [.arallel  with  the  M'histosily, 
and  the  second  or  younger  system  following  the  general  trend  of  the 
former  but  dipping  00°  to  TO""  S\V.  and  intersiM'ting  them  in  depth. 
The  latter  veins  are  small  and  often  mere  gash  veins  carrying  little 
or  no  value  except  at  those  j)oints  where  they  intersect  the  veins  of 
the  larger  system.  The  principal  vein  deposit,  which  is  bt»ing  de- 
veloped at  the  shaft,  is  of  the  older  system,  varies  from  0  inches  to  (^ 
feet  in  width  and  is  exposed  foi-  over  1,000  feet  along  its  strike. 
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The  walls  of  the  vein  are  well  defined  by  slickensides  with  gouge  on 
the  foot-wall  side  and  a  seam  filled  with  calcite  carrying  free  gold 
along  the  hanging  wall.  Fault  planes  transverse  to  the  veins  were 
locally  observed  displacing  the  veins  from  1  to  S  feet  in  a  horizontal 


Fui.   14. — Sketch  map  showing  positions  of  prospects  and  mining  claims  at   Helm   Bay, 

Cleveland   Peninsula. 

direction.  The  ore  contained  is  essentially  auriferous  quartz  with 
pyrite.  and  in  the  gash  veins  small  crystals  of  tetradymite  were 
noted.  The  largest  percentage  of  the  gold  is  free  milling  and  can  be 
extracted  in  the  stamp  mill  by  amalgamation.     The  concentrates, 
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which  aggregate  about  3  per  cent  of  the  ore,  are  saved  for  smelter 
shipment  and  are  reported  to  carry  high  values. 

Pu&zler  claim. — ^The  Puzzler  claim  is  situated  on  the  south  side  of 
a  lake  2  miles  east  of  the  Alaska  Oold  Standard  and  at  an  elevation 
of  400  feet  (fig.  14).  A  tunnel  180  feet  long  has  been  driven  through 
the  greenstone-schist  country  rock,  and  at  60  feet  from  its  entrance 
undercuts  a  lode  deposit  inclosed  in  a  graphitic  schist.  Quartz  veins 
also  occur  at  this  place,  but  are  not  so  strongly  developed.  The  same 
deposit  is  exposed  by  an  open  cut  at  440  feet  elevation,  the  lode  being 
parallel  to  the  schistosity  of  the  country  rock  which  strikes  N.  50°  E. 
and  dips  60°  SE.  In  this  deposit  two  systems  of  quartz  veins  occur, 
which  correspond  in  a  general  way  to  those  at  the  Alaska  Gold  Stand- 
ard deposit,  though  they  are  not  so  strongly  developed,  and  the  ore 
shoots  are  smaller.  Slipping  planes  and  fault  seams  are  of  common 
occurrence  in  this  vicinity. 

Midnight  Sun  claim. — The  Midnight  Sim  claim  lies  half  a  mile 
west  of  the  Gold  Standard  mine  at  an  elevation  of  560  feet  (fig.  14). 
The  vein  deposit,  which  has  been  exposed  by  a  15-foot  open  cut,  varies 
from  6  inches  to  2  feet  in  width,  striking  N.  80°  W.  with  a  dip  30° 
NE.  Slipping  planes  defined  by  slickensides  are  of  common  occur- 
rence across  the  vein  and  indicate  considerable  movement  and  dis- 
placement of  both  the  inclosing  greenstone-schists  and  the  vein  sub- 
sequent to  its  deposition.  Included  in  the  vein  are  fragments  of  the 
schist,  the  mineral  content  being  pyrite  with  free-gold  particles. 

Alexander^  Hoffman^  and  Melville  claims. — The  Alexander,  Hoff- 
man, and  Melville  claims  are  situated  near  the  top  of  the  mountain 
2i  miles  from  the  head  of  Smugglers  Cove  and  1^  miles  southeast  of 
the  Gold  Standard  mine  (fig.  14).  The  prospects  on  these  properties 
were  located  in  1902  and  1903.  The  greenstone  and  slate  beds  on  this 
mountain  are  considerably  folded  and  the  direction  of  their  strike  and 
dip  varies  greatly.  The  vein  deposits  follow  slipping  planes  trans- 
verse to  the  schistosity  of  the  country  rock  and  are  parallel  to  it.  On 
the  Alexander  claim  a  tunnel  45  feet  long  exposes  a  vein  6  inches  to 
3  feet  in  width  striking  north  and  south  with  dip  45°  W.,  the  foot- 
wall  side  being  defined  by  a  gouge  seam  1  inch  thick.  The  Hoffman 
claim  includes  an  irregular  vein  deposit  averaging  5  feet  in  width, 
striking  N.  5°  W.  with  a  steep  dip  to  the  southwest.  The  inclosing 
greenstone-schist  strikes  N.  60°  W.  with  a  dip  70°  NE.,  and  in  it 
are  numerous  faults  showing  small  displacements.  A  tunnel  21  feet 
long  has  been  driven  along  the  vein,  and  pyrite  was  observed  in  it, 
both  in  the  vein  and  in  the  inclosing  schist.  Fine  gold  is  said  to 
occur,  though  the  average  value  of  the  deposit  is  low.  The  vein  de- 
posit on  the  Melville  claim  strikes  N.  40°  W.,  transverse  to  the  trend 
of  the  inclosing  slate  and  greenstone,  which  at  this  point  is  N.  15°  E. 
It  is  peculiar  because  of  the  occurrence  of  arsenopyrit^  bo\\\  S\\  ^^ 
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vein  and  in  the  adjacentslates,  though  where  it  crosscuts  the  green- 
stone this  mineral  is  practically  absent.  The  developments  consist 
of  a  short  tunnel  and  surface  strippings  from  which  a  small  amount 
of  ore  was  mined  and  treated  in  an  arrastre  on  the  property. 

Gold  Mountain  group. — From  Smugglers  Cove  the  greenstone- 
schist  belt  can  be  traced  along  the  mountain  ridge  parallel  with  the 
east  shore  of  Helm  Bay  over  Gold  Mountain.  To  the  east  and  west  of 
it  black  slates  predominate.  Gold  Mountain  has  a  maximum  elevation 
of  2,120  feet,  and  on  it  a  number  of  prospects  have  been  located,  the 
principal  ones  being  the  Annie,  Mountain  Top,  and  Starry  Banner. 
On  the  Annie  claim  a  20- foot  shaft  was  sunk  in  1900  on  a  quartz  ore 
pocket  at  a  point  1,025  feet  from  tide  water,  and  from  this  about  $5/X)0 
is  reported  to  have  been  derived.  At  another  point  a  tunnel  450  feet 
in  length  has  been  driven  on  a  lode  deposit  striking  N.  30°  E.  paral- 
lel with  rock  structure  and  from  10^  to  20  feet  wide,  in  which  vein- 
lets  from  B.  few  inches  to  a  foot  in  width  occur.  From  the  tunnel  a 
shaft  50  feet  deep  has  been  sunk  and  the  deposit  explored  by  a -drift 
at  this  level.  Pyrite  and  chaJcopyrite  were  both  observed,  but>as  a 
whole  the  lode  will  average  low  in  values. 

On  the  Mountain  Top  claim  an  8-inch  vein  striking  N.  55®  W.  with 
a  dip  25°  NE.  crosscuts  the  greenstone  schist  formation,  which  has  a 
northeast  trend  and  a  vertical  dip.  The  vein  has  been  exposed  bj' 
shallow  shafts  and  open  cuts,  but  is  too  small  to  be  of  great  value. 

On  the  Starry  Banner  claim  a  tunnel  225  feet  long  at  an  elevation 
of  1,950  feet  has  been  driven  in  a  N.  J^O"^  E.  direction  along  an  8-inch 
quartz  vein,  which  is  parallel  to  the  schistosity  of  the  greenstone  in 
trend  hut  intersects  it  in  dip.  Along  the  sides  of  this  vein  calcite  and 
epidote  veinlets  were  observed  in  the  country  roci^  and  in  the  vein  near 
the  surface  the  sulphide  minerals  were  considerably  oxidized. 

Rahnj  Day  claim, — The  Kainy  Day  prospect  is  located  less  than 
half  a  mile  from  tide  water  opposite  a  small  island  on  the  wast  side 
of  Helm  Bay  near  its  entrance.  The  mineral  deposit  at  this  locality 
is  of  interest  because  it  occurs  in  a  granite-^^orphyry  dike  which  is 
from  ()00  to  1,000  feet  wide  and  strikes  N.  40°  W.  The  vein  de- 
posit, which  is  :^.i  feet  wide,  strikes  northeast  and  has  been  exposed 
in  a  105-f(K)t  tunnel  at  an  elevation  of  200  feet  from  tide  water. 
Above  the  tunnel  at  2S()  feet  elevation  is  an  open  cut  in  which  the 
vein  is  exposed,  and  at  this  point  are  prominent  slipping  planes  strik- 
ing transverse  to  the  vein.  The  ore  minerals  are  sphalerite,  pyrite, 
and  galena  in  small  amounts,  the  principal  values  being  in  gold,  which 
occurs  native  in  fine  j)articles. 

Hlue  Bucket  (latni, — The  Blue  Bucket  claim  is  situated  near  the 
northeast  head  of  Smugglers  Cove  near  the  beach  and  has  been  de- 
veloped by  a  short  prospecting  tunnel.  The  quartz  vein  runs  irregu- 
larly tlu'ough  banded  chloritic  and  sericite  schists  which  strike  K.  38^ 
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W.  and  dip  66®  NE.  Pyrite  cubes  only  were  observed  in  the  quartz. 
The  values  appeared  to  be  low. 

Keystone  claim. — The  Keystone  claim  is  reached  by  a  trail  2  miles 
in  length  which  begins  near  the  falls  at  the  head  of  Smugglers  Cove 
and  follows  in  a  northeasterly  direction  along  the  eastern  valley  slopes 
of  Falls  Creek.  The  mine  workings  are  situated  at  an  elevation  of 
about  675  feet  and  consist  of  a  long  crosscut  tunnel  with  drifts,  the 
total  length  of  which  is  nearly  700  feet.  A  shaft  65  feet  deep  has  been 
sunk  on  the  vein.  The  property  has  been  idle  during  the  last  few 
years  and  was  recently  relocated  under  a  new  name.  The  country 
rock  is  a  green,  folded,  faulted,  chloritic  schist  striking  in  a  general 
northwesterly  direction  with  steep  vertical  dips.  The  ore  body  con- 
sists of  a  stockwork  of  stringer  veins  occurring  in  a  mineralized  Mi 
of  schist  many  feet  in  width,  intensely  sheared,  and  filled  with  slip- 
ping planes.  The  entire  belt  is  heavily  mineralized  with  pyrite  and 
carries  low  values  in  gold  and  silver.  The  quartz  veins  vary  in  width 
and  usually  have  free  walls  often  with  a  coating  of  mineralized  gouge. 
Calcite  frequently  accompanies  the  quartz  gangue. 

Mary  T.  and  United  Staten  (laim^. — The  Mary  T.  claim  and  the  ad- 
joining United  States  claim  are  located  near  the  head  of  Smugglers 
Cove  and  both  are  practically  in  an  undeveloped  state.  On  the  Mary 
T.  claim  an  open  pit  exposes  the  ore  body,  which  is  essentially  a  Ix^lt 
of  mineralized  and  indurated  sericite  schist.  The  ore  consists  of  pyr- 
ite in  well-formed  cubes  with  some  chalcopyrite  and  its  weathering 
products,  malachite  and  azurite.  The  values  are  reported  to  l)e  low. 
On  the  United  States  claim  a  quartz  vein  occurs  in  chlorite  schist  in 
irregular  lenses  often  parallel  to  the  cleavage  and  contains  occasional 
cubes  of  pyrite.  It  has  been  exposed  chiefly  by  surface  cuts  and  short 
prospect  tunnels.     The  values  reported  are  likewise  low. 

Last  Chance  rlalm, — The  La«t  Chance  claim,  which  has  recently 
been  relocated,  is  situated  al)out  1  mile  from  Smugglers  Cove,  and 
like  the  preceding  claims  has  not  l>een  developed  to  any  extent.  The 
country  rock  is  chloritic  schist  striking  about  north  and  south;  the  ore 
body,  a  quartz  vein  of  irregular  width,  is  contained  in  a  belt  of 
mineralized  schist,  along  which  intense  movement  and  shearing  has 
taken  place.  In  the  short  drift  the  values  in  gold  are  reported  to  vary 
and  to  give  a  low  general  average. 

Old  Ghmf  group, — The  Old  (tIoit  group  of  two  claims  including 
the  Old  Glory  and  American  P^agle  is  situated  on  the  west  side  of 
Gold  Mountain  at  an  elevation  of  al)out  000  feet  and  IJ  miles  fi*om 
Smugglers  Cove.  On  the  property  the  ore  body  has  Ix^en  traced  by 
numerous  open  cuts  and  three  short  tunnels.  The  ore  is  treated  in 
a  2-stamp  mill,  operated  by  a  Pelton  wheel.  Only  the  gold  which  is 
retained  by  amalgamation  is  recovered,  the  auriferous  concentrates 
being  wasted  because  of  lack  of  proper  facilities.    The  bed  rock  cwtv- 
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sists  largely  of  folded  greenstone  schists  and  argillites  striking  X. 
10**  to  80**  W.  The  veins  are  in  general  parallel  to  the  rock  struc- 
ture, varying  from  a  few  inches  to  a  foot  in  width,  and  in  places  the 
country  rock  Ls  also  impregnated  with  sulphide  minerals,  thus  form- 
ing a  lode  deposit  Practically  no  work  has  been  done  on  these  claims 
during  the  last  few  years. 

TWKLTEMILE    ABH. 

GENERAL    DESCRIPTION. 

The  narrow  body  of  water  called  Twelvemile  Arm  extends  south- 
westerly from  the  head  of  Kasaan  Bay  and  terminates  in  a  low-lying 
river  valley,  over  which  a  long  portage  is  reported  to  lead  to  Big 
Harbor  on  the  west  side  of  Prince  of  Wales  Island.  The  mineral 
deposits  discovered  in  this  area  have  been  chiefly  gold-bearing  veins, 
copper  being  of  only  subordinate  interest.  The  most  important  mines 
are  the  Crackerjack  and  the  Puyallup,  situated  a  short  distance  from 
Hollis  (fig.  15).  In  general,  mining  activity  in  recent  years  has 
been  slight  and  little  more  than  annual  assessment  work  has  been 
accomplished  on  most  of  the  prospects  since  the  visit  of  Mr.  Brooks 
in  1901.  In  the  immediate  vicinity  of  Twelvemile  Arm  and  along 
its  shores  the  country  rock  consists  chiefly  of  altered  argillaceous 
sedimentary  rocks,  often  schistose,  and  intruded  by  extensive  granite 
masses  and  later  porphyry  dikes.  Belts  of  greenstone,  both  massive 
and  schistose,  are  frequently  interstratified  with  the  slates  and  lime- 
stones, but  have  not  yet  been  found  to  be  mineralized  to  any  extent 
in  this  particular  area.  Directly  west  of  Hollis  is  a  belt  of  black 
graphite  slates  trending  about  N.  30°  W..  which  contains  the  princi- 
pal vein  deposits  and  which  has  been  traced  northwest  beyond  the 
Crackerjack  mine  for  several  miles  to  where  it  is  cut  off  by  the  granite 
massif  of  Granite  Mountain.  Along  this  contact,  which  is  well  ex- 
posed, about  1  mile  south  of  the  Granite  Mountain  claims,  evidence  of 
a  fault  of  considerable  magnitude  can  be  seen.  The  granite  at  the 
contact  sends  no  apophyses  into  the  invaded  slates,  indications  of  con- 
tact metamorphism  are  wanting,  and  the  slate  belt  near  the  contact  is 
intensely  shattered  and  beai*s  all  signs  of  extended  movement.  The 
slate  belt  near  the  Crackerjack  mine  has  been  folded  into  a  large  anti- 
cline, on  the  southwest  flank  of  which  the  Crackerjack  veins  are  lo- 
cated, while  at  the  Puyallup  mine  the  beds  dip  35°  to  45°  NE.  These 
slates  grade  to  the  east  into  coarser  graywackes  and  altered  con- 
glomerates. Farther  south  on  Twelvemile  Arm  limestones  and  cal- 
careous schists  are  more  abundant  and  trend  approximately  parallel 
to  the  shore  with  an  easterly  dip. 

The  ore  deposits  in  this  area  are  confined  chiefly  to  the  black  slates 
seen  at  the  Crackerjack  claims  and  to  the  Granite  Mountain  massif. 
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Hie  veins  are  well  defined  and  persistent,  usually  following  intrusive 
dikes  or  fracture  planes  and  jointing  planes  in  the  country  rock. 
The  values  are  chiefly  in  gold,  with  some  lead  and  silver  and  a  little 
copper.  Some  of  the  veins  carry  locally  free  gold,  but  as  a  general 
rule  the  average  content  is  not  high. 
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Pio.  15. — Sketch  map  showinf?  location  of  claimH  near  T\t-elvemlle  Arm.  Prince  of  Wales 

Island. 


PROSPECTS  IN  THE  VICINITY  OF   HOLLIS. 


PuydUup  mine, — The  Puyallup  mine  is  situated  about  1^  miles 
from  tide  water  and  is  connected  with  HoUis  by  a  tramway,  at  the 
end  of  which  is  a  5-stamp  mill.  The  group  embraces  three  claims, 
op  which  the  veins  have  been  traced  and  developed  by  several  tunnels 
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and  shafts.  The  country  rock  is  skte  with  altered  porphyries  and 
clastic  breccias,  the  general  trend  being  N.  25^  W.  and  the  dip  50^  to 
60^  XE.  The  quartz  veins  follow  planes  of  weakness  and  moven^nt 
along  the  strike  and  have  been  exploited  by  several  tunnels,  the  long- 
est measuring  1,135  feet  In  the  long  tunnel  two  veins  are  exposed, 
following  the  walls  of  a  porphyry  dike  in  the  altered  slate,  the  vein 
along  the  hanging  wall  of  the  dike  being  richer  than  the  foot-wall 
vein.  Near  the  face  of  this  tunnel  faulting  has  disturbed  the  even 
trend  of  the  vein  and  added  considerably  to  the  difficulties  of  mining. 
This  pay  vein,  which  averages  about  6  inches  in  width,  is  exposed  in 
a  lower  1,200- foot  tunnel  for  a  length  of  220  feet  and  has  been  traced 
by  outcrops  on  the  surface  for  about  one-fourth  of  a  mile.  An  upper 
tunnel,  150  feet  above  and  900  feet  southwest  of  the  main  tunnel,  has 
l)een  driven  90  feet  on  another  vein.  In  this  tunnel  the  vein  is  con- 
sidered identical  with  the  pay  vein  of  the  long  tunnel.  The  ore  is 
free-milling,  85  per  cent  of  the  total  value  being  free  gold.  The  mine 
has  been  worked  in  only  a  desultory  way  in  recent  years,  and  the  pro- 
duction has  been  small. 

Cracker  jack  mine. — ^The  Cracker  jack  group  of  claims  is  located 
south  and  southwest  of  the  Puyallup,  with  which  it  is  connected  by 
an  excellent  trail  (see  PI.  I  and  fig.  15).  Surface  improvements  con- 
sist (thiefly  of  quarters  for  miners  and  an  ore  chute  for  transporting 
ore  to  the  Puyallup  stamp  mill.  The  Crackerjack  vein  is  an  unusu- 
ally persistent  vein  and  has  been  followed  by  surface  croppings  and 
test  pits  along  a  number  of  claims.  On  the  (Vackerjack  claims 
proper  it  occurs  along  the  hanging  and  foot  walls  of  a  16-foot  por- 
phyry dike  intrusive  along  the  bedding  planes  of  black  slate,  striking 
in  general  N.  25°  W.  and  dipping  35°  SW.  The  slate  is  finely  lami- 
nated and  more  or  less  gi'aphitic.  The  vein  varies  in  width  from  a 
mere  seam  to  5  feet.  Its  metallic  minerals  are  pyrite,  galena,  zinc- 
blende,  and  a  black,  soft  sulphantimony  or  bismuth  mineral,  the  ex- 
act nature  of  which  was  not  determined;  the  gangue  is  essentially 
quartz  with  some  calcite.  The  dike  itself  is  characterized  chiefly  by 
widespread  epidotization  and  pyrite  impregnation.  The  Xo.  1  tun- 
nel at  800  feet  elevation  crosscuts  the  formation  for  about  215  feet, 
at  which  point  the  vein  is  encountered  and  followed  in  a  southerly 
direction  for  about  (>75  feet.  In  the  crosscut  several  minor  veins  were 
encountered,  but  w(»re  not  followed.  The  gold  values  in  these  veins 
occur  in  shoots,  two  of  which  have  l)een  stoped  out  for  35  and  40  feet 
above  the  tunnel  level.  Occasionally  streaks  are  encountered  which 
give  high  assay  values  in  silver.  The  amount  of  gouge  on  both  sides 
of  the  dike  is  indicative  of  considerable  movement  along  the  fissure 
planes.  Minor  transverse  slipping  planes  were  also  noted,  but  appar- 
ently do  not  affect  the  veins  materially.    In  Tunnel  Xo.  2,  which  is 
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400  feet  in  length,  at  1,050  feet  elevation,  both  the  dike  and  the  vein 
were  observed  to  crosscut  the  formation  at  one  point  for  about  80 
feet  and  then  to  resume  their  normal  parallel  trend. 

HoUia  group. — Still  farther  up  the  mountain  at  1,500  feet  eleva- 
tion a  vein  similar  to  the  Urackerjack  vein  has  been  discovered  and 
explored  by  a  tunnel  400  feet  long.  The  conditions  here  are  analo- 
gous to  those  in  the  Crackerjack  tunnels,  including  the  slate  belt, 
trending  and  dipping  in  the  same  general  directions,  but  the  por- 
phyry dike  is  somewhat  wider.  The  quartz  vein  was  observed  to 
branch  out  into  the  porphyry  so  that  for  some  distance  two  parallel 
veins  have  been  followed  by  the  drifts.  The  walls  are  well  defined 
and  the  ore  shoots  well  marked.  The  black  slate  belt  has  l^en  traced 
still  farther  south  and  west  over  the  summit  of  Hollis  Mountain  and 
down  into  the  Harris  River  valley,  where  claims  have  been  located  on 
mineralized  veins  similar  in  character  to  the  Crackerjack  vein.  The 
persistence  of  these  veins  is  a  strong  argument  for  their  continuation 
in  depth.  The  ore  production  from  the  entire  system  of  veins  has 
been  slight,  the  work  having  been  devoted  chiefly  to  developing  and 
testing  the  ore  bodies. 

Harris  River  claims. — As  stated  in  the  preceding  paragraph,  the 
mineral  belt  on  which  the  claims  on  the  mountain  slope  north  of 
Harris  River  are  situated  is  the  continuation  of  the  Crackerjack 
black  slate  formation.  A  number  of  claims,  including  the  Julia,  the 
Humboldt,  the  George  Nos.  1  and  2,  and  the  Keokuk  Nos.  1  and  2, 
have  been  located  in  this  area  and  developed  to  some  extent.  The 
general  aspect  of  the  mineral  deposit  on  these  claims  is  similar  to  the 
Crackerjack  deposit.  On  each  claim  the  developments  consist  of 
surface  strippings,  test  pits,  and  short  tunnels.  Pyrite,  galena,  and 
zinc  blende,  with  occasional  free-gold  particles,  constitute  the  metallic 
minerals  and  quartz  and  calcite  the  gangue  minerals.  Porphyry 
dikes  occur  with  many  of  the  veins. 

Recently  considerable  work  has  been  done  on  the  Julia  claim,  the 
ore  shoot  of  which  outcrops  in  the  bed  of  Harris  River.  An  inclined 
shaft  200  feet  deep  has  been  sunk  to  undercut  this  ore  shoot,  and  at 
the  50-,  10D-,  and  150-foot  levels,  drifts  have  been  extended,  35  feet 
long  on  the  50-foot  level  and  80  feet  long  on  the  100- foot  level.  The 
ore  shoot  is  reported  to  be  about  60  feet  long  and  from  2  to  5  feet 
wide  and  to  carry  high  values  in  gold,  50  per  cent  of  which  is  free 
milling. 

Cascade  group, — The  Cascade  group  is  located  about  2  miles  south 
of  the  Puyallup  mine  and  at  an  elevation  of  1,300  feet.  The  develop- 
ments consist  chiefly  of  two  drift  tunnels,  and  in  the  upper  one  a 
quartz  vein  is  well  exposed.  The  vein  averages  2  feet  in  width  and 
fills  an  old  fracture  crack  in  an  altered  basic  intrusive.  The  lower 
40840-*Bull.  347—08 11 
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tunnel,  which  was  driven  to  undercut  the  vein,  is  300  feet  in  length 
and  crosscuts  intrusive  rocks  and  dikes  of  several  different  types,  but 
does  not  expose  the  vein.  The  original  sedimentary  rocks  in  this 
area  have  been  profoundly  altered  by  the  intnisives,  and  epidotization 
is  widespread.  The  vein  strikes  N  53°  \\^.,  dips  70°  SW.,  and  has 
been  followed  for  about  175  feet  in  the  upper  tunnel.  Its  metallic 
minerals  are  pyrite,  zinc  blende,  galena,  and  gold,  with  quartz  and 
calcite  gangue.  The  values  in  this  vein  are  very  unevenly  distributed 
and  the  average  content  is  probably  not  high,  although  fragments 
of  exceedingly  rich  ore  have  been  found.  Above  the  Cascade  group 
the  Mountain  Bell  group  of  three  claims  has  been  located  on  a  narrow 
quartz  vein  reported  to  carry  good  values  in  free  gold. 

Dolly  Varden  claims. — The  Dolly  Varden  group  of  claims  is  lo- 
cated in  the  limestone  formation  about  1\  miles  southeast  of  the  head 
of  Twelvemile  Arm,  and  at  an  elevation  of  1,100  feet.  The  marble 
occurs  as  a  member  of  the  greenstone  slate  formation  exposed  along 
the  shores  of  Twelvemile  Arm.  The  veins  are  essentially  later  im- 
pregnations along  the  bedding  of  the  marble  strata  and  strike  N.  15° 
E.  with  steep  to  vertical  southeast  dip.  Gray  copper  is  the  essential 
metallic  mineral,  and  is  in  many  places  altered  to  azurite  and  mala- 
chite. Very  little  development  work  has  been  accomplished  on  this 
group.  Several  other  claims  on  similar  veins  and  country  rock  have 
been  located  in  this  area,  but  were  not  visited  by  the  writers. 

Stella  clarm. — The  Stella  claim  is  situated  about  one-half  mile  north 
of  Clark  Bay,  a  small  indentation  2A  miles  northeast  of  HoUis.  The 
quartz  vein  occurs  along  the  contact  of  a  diorite-porphyrite  dike  in 
black  slate  and  has  been  explored  by  a  tunnel  540  feet  in  elevation 
and  I'^O  feet  lon^.  It  averages  3  feet  in  width,  strikes  N.  40°  W. 
and  dips  80"^  NE.,  and  is  separated  from  the  1)1  ack  slate  foot  wall  by 
a  band  of  gouge  I  inch  thick.  The  metallic  minerals  are  pyrite,  ga- 
lena, and  zinc  blende,  with  quartz  and  calcite  gangue,  and  occasional 
included  fragments  of  black  slate.  The  values  in  precious  metals 
are  low. 

Flora  and  Nellie  claims. — The  Flora  and  Nellie  claims  are  situated 
about  8^  miles  by  trail  northwest  of  HoUis.  The  ore  body  which  is 
being  exploited  at  this  point  is  a  quartz  vein,  averaging  with  gouge 
about  4  feet  in  width  and  filling  an  old  shearing  plane  in  diorite- 
porphyrite.  Two  tunnels  have  been  driven  on  the  vein,  a  lower  one 
at  1,400  feet  elevation  and  300  feet  in  length,  and  an  upper  tunnel  90 
feet  in  length;  a  shaft  and  winze  have  also  been  sunk  on  the  vein. 
The  quartz  vein  strikes  N.  70°  E.,  dips  60°  SE.,  and  is  heavily  min- 
eralized with  pyrite,  chalcopyrite,  galena,  and  zinc  blende.  The 
lines  of  movement  in  the  diorite-porphyrite  pitch  at  very  low  angles, 
indicating  nearly  horizontal  fault  movements.  The  values  from  this 
vein  are  reported  high  in  gold  and  silver  with  some  lead  and  copper. 
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At  present  transportation  facilities  are  a  serious  problem  in  the  sys- 
tematic development  of  the  claims  in  this  area. 

The  southern  extension  of  this  group  is  called  the  Red  Jacket  claim, 
and  on  its  surface  stripping  only  has  been  done,  and  that  chiefly  in 
glacial  drift  covering  the  bed  rock.  To  the  northeast  the  Conmiander 
group  of  two  claims  has  been  located  on  the  continuation  of  the 
Flora  and  Nellie  vein  and  outcrops  along  a  steep  gulch  up  the  moun- 
tain side.  On  this  group  two  drift  tunnels  have  been  driven,  the 
lower  one  at  1,680  feet  elevation  and  the  upper  one  at  1,825  feet  ele- 
vation. In  these  the  vein  averages  about  18  inches  in  width,  with  a 
wide  band  of  soft  gouge  on  the  hanging- wall  side,  and  strikes  N.  75° 
E.,  with  dip  65°  SE.  Near  the  vein  the  porphyry  is  altered  consider- 
ably and  often  heavily  charged  with  pyrite.  The  assay  returns  indi- 
cate high  gold  content  with  some  silver.  The  metallic  minerals  are 
pyrite,  chalcopyrite,  galena,  and  zinc  blende  in  quartz  gangue. 

Rose  and  Dew  Drop  clmms, — The  Rose  and  Dew  Droj)  claims  are 
located  above  the  Commander  group  and  extend  over  the  ridge  for 
some  distance  down  its  north  slope.  These  claims  are  2,»300  feet  above 
sea  level  and  are  located  on  a  vein  deposit  along  a  slipping  plane  in  a 
basic  intrusive  rock.  The  vein  varies  in  width  from  G  to  14  inches, 
strikes  N.  60°  W.,  dips  85°  S\V.,  and  has  been  developed  by  two  short 
drifts.    The  values  are  reported  to  average  well  in  gold  and  silver. 

Coi\Mitutio7i  group, — On  the  opposite  side  of  Salmon  Lake  valley 
and  about  3  to  4  miles  north  of  the  Dew  Drop  claim  is  located  the 
Constitution  gi'oup,  which  is  roached  most  readily  by  trail  from 
Kaila  Bay,  via  Karta  and  Salmon  lakes  and  u])  the  Salnum  Lake 
valley,  a  distance  of  II  to  12  miles.  Here  are  two  tunnels,  the  lower 
being  at  2,000  feet  elevation  and  VM  feet  in  length.  In  this  the  quai-tz 
vein  varies  from  6  inches  to  4  feet  in  width  and  trends  N.  05°  W.  to 
N.  45°  W.  with  a  vertical  to  00°  SW.  dip.  It  occurs  filling  a  shearing 
plane  in  gabbro  and  amphibolite  and  is  lined  fre(j[uently  on  both 
sides  with  soft  gouge.  Vein  minerals  are  pyrite,  chalcopyrite,  galena, 
and  zinc  blende,  the  surface  oxidation  of  the  sulphides  being  unusu- 
ally pronounced.  In  the  face  of  the  tunnel  a  transverse  slipping 
plane  appears  to  have  cut  off  the  vein.  With  present  conditions  of 
transportation  further  development  of  this  group  does  not  seem 
feasible. 

Independent  group, — The  Independent  group  of  two  claims  is 
located  several  miles  west  of  the  Constitution  group  and  at  the  head 
of  the  glacial  valley  of  Salmon  Lake.  The  developments  are  con- 
fined to  short  tunnels  and  surface  strippings.  On  the  lower  claim 
at  1^00  feet  elevation  the  vein  is  1  foot  wide,  strikes  N.  75°  W.,  dips 
75°  SW.,  has  free  walls  and  occurs  along  a  shearing  plane  in  altered 
porphyry  (andesite),  which  is  included  in  a  generally  much-altered 
sedimentary  complex.    The  metallic  minerals  are  galeiv^^  \)^t\V<i^^  ^\A 
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zinc  blende  in  a  quartz  and  calcite  gangue.  The  vein  is  reported 
to  give  very  high  assay  vahies  in  free  gold.  At  the  tunnel  on  the 
upper  claim,  at  2,100  feet  elevation,  the  vein  is  1  to  2  feet  wide,  in- 
cluding gouge,  and  strikes  N.  78°  W.,  dips  75°  SW.,  and  is  exposed 
chiefly  along  a  steep  gulch  leading  down  the  precipitous  mountain 
slope.  The  country  rock  consists  of  altered  slate  and  graywacke, 
crosscut  by  dikes  of  porphyry.  At  present  these  claims  are  too 
inaccessible  to  be  of  great  value. 

PROSPECTS   ON   GRANITE   MOUNTAIN. 

General  description, — The  claims  on  Granite  Mountain  can  be 
reached  most  easily  by  trail  from  Karta  Bay  via  Karta  Lake ;  a  longer 
ftnd  less  satisfactory  trail  leads  in  a  northerly  direction  from  Mollis 
(fig.  15).  Granite  Mountain  is  made  up  almost  entirely  of  massive 
granite  which  is  remarkably  homogeneous  and  free  from  dikes,  par- 
ticularly of  the  siliceous  aplitic  varieties.  The  veins  are  without 
exception  quartz  veins  filling  well-marked  fracture  planes  in  the 
granite ;  these  planes  are  sharply  marked  and  remarkably  uniform  in 
direction  and  thickness.  The  veins  are  likewise  strikingly  similar 
in  appearance  and  mineral  content,  the  quartz  being  usually  stained 
to  a  brown-red  color.  They  are  characterized  by  free  walls  and  un- 
doubtedly persist  in  depth.  Frequently  the  fissures  or  jointing  planes 
in  the  granite  are  filled  with  diabase  dikes  which  have  subsequently 
been  fractured,  and  in  these  spaces  the  mineral-bearing  solutions 
have  deposited  auriferous  veins. 

Treasmr  group. — The  Treasure  group  of  twelve  or  more  claims 
is  located  on  the  east  side  of  Granite  Mountain  about  1^  miles  from 
Karta  Lake.  The  developments  consist  of  two  tunnels,  the  upper, 
at  1,380  feet  elevation,  following  the  vein  for  450  feet.  The  vein 
varies  from  1  to  2  feet  in  width  and  follows  the  hanging  wall  of  an 
altered  diabase  dike  rock  in  the  granite.  Its  general  strike  is  N.  55° 
W.  and  its  dip  from  GO"^  to  80°  NE.  This  vein  has  l>een  traced  up  the 
mountain  slope  along  a  steep  gulch  and  over  the  summit  for  a  mile, 
five  claims  being  located  on  this  vein  alone.  At  the  upper  tunnel  con- 
siderable ore  has  been  extracted  and  placed  ready  for  transportation. 
The  metallic  minerals  are  free  gold,  pyrite,  galena,  and  chalcopyrite. 
The  pyrite  crystals  are  frequently  coated  with  a  deep-brown  lustrous 
oxidation  crust  and  the  chalcopyrite  occasionally  shows  green  stain- 
ing. Movement  along  the  vein  is  indicated  by  the  soft  mineralized 
gouge,  which  is  frequently  found  along  the  vein  walls.  The  country 
rock,  for  which  the  general  term  "' gi*anite ''  is  used,  is  a  granitoid 
rock  varying  in  composition  from  diorite  to  gabbro  and  is  often 
strongly  epidotized. 

The  second  set  of  five  claims  is  located  on  a  deposit  in  a  fracture 
plane,  striking  X.  20  E.  and  dipping  20°  XW.     This  vein  crosses 


GOLD    MINES.  166 

the  first  vein  about  500  feet  above  the  upper  tunnel  and  likewise 
is  contained  in  the  granite  country  rock.  The  width  varies  from  1  to 
3  feet  and  the  values  are  lower  than  those  contained  in  the  northwest 
striking  veins. 

Clipper  (Hid  Cutter  groups, — The  Cutter  group  of  two  claims  and 
the  Clipper  group  of  three  claims  are  located  on  the  ti^^st  side  of 
Granite  Mountain,  south  of  and  above  the  Treasure  group.  The 
improvements  on  these  claims  consist  chiefly  of  surface  strippings 
and  short  test  tunnels.  The  veins  are  similar  in  appearance  to  the 
Treasure  veins  and  strike  in  general  N.  55°  W.,  with  a  dip  of  60° 
NE.  They  occur  in  granite  or  within  diabase  dikes  which  intrude 
the  granite.  At  2,900  feet  elevation  the  vein  on  the  Clipper  group 
is  8  inches  wide  and  occurs  in  a  diabase  dike  20  feet  wide,  which  is 
much  altered  and  decomposed.  At  3,040  feet  elevation  the  vein 
is  12  to  18  inches  wide,  but  otherwise  unchanged  in  aspect.  The 
Cutter  claims,  1,000  feet  to  the  north,  are  praptically  identical  in  all 
respects  and  are  reported  to  cany  good  values  in  gold. 

Buckhom  group. — The  Buckhom  group  of  nine  claims  is  located 
on  the  west  slopes  of  Granite  Mountain,  near  the  summit.  The  vein, 
which  has  been  exploited  by  open  cuts  and  by  several  tunnels,  one 
at  3,100  feet  elevation  and  the  second  at  3,000  feet,  occupies  a  fissure 
in  the  granite,  averages  about  15  inches  in  width,  and  has  been  traced 
for  several  miles,  striking  N.  5°  W.  and  dipping  45°  NE.  This  vein 
is  similar  in  character  to  the  Treasure  vein  and  is  said  to  carry  good 
values  in  gold. 

Lucky  Find  group. — ^The  Lucky  Find  group  of  four  claims  is 
located  on  a  vein  deposit  striking  X.  45°  W.  and  dipping  60®  XE. 
In  the  50- foot  tunnel  at  2,450  feet  elevation  the  vein  is  1  foot  wide 
and  occurs  between  a  diabase  dike  and  the  inclosing  granite.  Tlie 
metallic  minerals  are  pyrite  and  chalcopyrite,  with  quartz,  calcite, 
and  possibly  siderite  as  gangue.  Well-defined  gouge  marks  the  walls 
on  both  sides. 

Lucky  Jim  group. — ^The  claims  in  the  Lucky  Jim  group  are  situ- 
ated near  the  southwest  side  of  the  sunmiit  of  Granite  Mountain  and 
are  located  on  a  cjuartz  vein  striking  N.  25°  W.  and  dipping  40°  NE. 
and  similar  in  every  respect  to  the  other  veins  of  this  area.  The 
metallic  minerals  are  altered  pyrite,  galena,  malachite,  and  azurite. 

Other  claima. — Other  claims  on  the  north  side  of  Granite  Moun- 
tain, near  Salmon  Lake,  namely  the  Go-by  group  and  the  Juneau 
group,  were  not  visited  by  the  writers,  but  are  said  to  be  located  on 
veins  similar  in  character  to  those  already  described  and  are  reix)rted 
to  carry  good  values  in  gold.  In  this  i-egion  the  question  of  trans- 
portation is  necessarily  an  inij^ortant  factor,  and  on  its  solution  de- 
pends the  future  of  many  of  these  claims.    At  present  profitable 
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niiniii^.  even  in  a  small  way,  is  ainiosi  out  of  the  i|iiestion  owing  to 
the  inaceessibility  of  the  region. 

GKNKBAI.    I)F>t('KIi^ION. 

Cholmondeley  Sound  is  a  deep  inlet  entering  the  east  side  of  Prince 
of  Wales  Island.  Ten  miles  from  the  entrance  it  divides  into  two 
long  arms,  the  West  Arm  and  the  South  Arm,  each  of  which  is  8 
miles  in  length.  On  its  south  side,  about  8  miles  inside  the  entrance, 
is  Dora  Bay,  3  miles  in  length  and  1  mile  wide,  forming  a  good  harlx)r; 
and  2  miles  east  of  this  is  Kitkun  Bay,  which  may  l>e  entei-ed  only  at 
high  slack  water,  its  entrance  being  shallow  and  obstructed  by  hidden 
reefs.  Near  the  entranc*e  to  the  sound  the  mountain  declivities  are 
gradual  and  heavily  timbered,  whereas  from  both  South  and  West 
arms  the  valley  slopes  rise  abruptly  to  higher  altitudes,  terminating 
in  peaks  3,000  feet  or  more  in  elevation.  On  few  of  these  does  timber 
grow  above  the  1,500-foot  contour.  A  low  pass  4  miles  in  length 
extends  from  the  head  of  the  West  Arm  to  the  head  of  Hetta  Inlet, 
and  across  this  a  (Tovernment  road  has  been  constructed,  so  as  to 
form  an  easy  route  of  travel  and  means  of  transportation  for  light 
freight  from  Ketchikan  to  Sulzer  and  Coppermount  (m  the  west 
coast  of  Prince  of  Wales  Island.  A  second  pass  (>  miles  long  extends 
from  South  Ann  southward  to  the  head  of  Klakas  Inlet.  This,  how- 
ever, is  used  only  ])y  the  natives.  Still  a  third  ])ass,  connecting  with 
a  chain  of  lakes,  extends  from  Dora  Bay  southeast  to  the  head  of 
North  Ann. 

The  l)ed-r()ck  geology  of  this  section  of  the  island  includes  alter- 
nating l)ands  of  greenstone  and  sericite  schist  and  limestones,  the  lat- 
ter usually  altered  to  marble  (PI.  I).  These  all  have  a  general  N. 
TiO'  W.  strike  with  steep  dips  usually  inclined  to  the  northeast.  In- 
vading these  stratified  formations  are  huge  intrusive  masses  of  granite 
and  (liorite,  which  are  exi)()sed  along  the  north  shore  of  the  sound  and 
form  the  mountains  west  of  Dora  Bay.  Dikes  of  diabase  and  other 
porphyritic  rocks  noted  in  adjacent  areas  are  also  present  in  this 
secticm. 

The  ore  deposits  within  the  area  (*onsist  principally  of  auriferous 
quartz  veins,  l)otli  in  the  greenstone  schist  and  along  lines  of  breccia- 
linn  in  the  limestone,  the  latter  In'ing  comparaljje  with  those  at 
Dolomi  to  the  southeast,  which  aie  described  Ik'Iow.  Vein  deposits 
rich  in  galena  ore  carrying  silvei*  values  are  also  l)ei]ig  develoi)ed. 

I'KOSl'KCTS    SOI   ril    OF    (HOI.MONDKLKY    NOIND. 

(rIadsfniH  (/r(>ffp.-T\w  (lladstone  i)r()perty  of  four  claims  lies  on 
the  south  side  of  the  sound,  l\  miles  east  of  the  entrance  to  Kitkun 
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Bay,  and  extends  in  an  easterly  direction  for  a  mile  from  tidewater 
(fig.  16).  These  were  located  in  1904,  and  considerable  prospecting 
by  way  of  tunnels  and  open  cuts  has  l>een  done  on  all  the  claims, 
though  no  extensive  developments  have  yet  been  undertaken. 

The  rock  exposures  on  this  group  of  claims  consist  essentially  of 
limestone,  which  in  places  is  banded  and  siliceous  and  in  places 
schistose,  the  structural  lines  striking  N.  85°  W.  The  ore  bodies 
consist  of  two  or  more  parallel  quartz  ledges  including  many  frag- 
ments of  the  limestone  counti'y  rock,  and  are  in  general  parallel  to 
the  bedding  planes  of  the  inclosing  rock,  but  in  places  crosscut  them 
at  small  angles.  The  veins  vary  from  1  foot  to  4  feet  in  width  and 
are  exposed  at  intervals  for  two  claims  in  length. 

On  the  Gladstone  No.  1  claim,  800  feet  from  and  140  feet  above  tide 
water,  an  open  cut  and  tunnel  have  l>een  driven  on  a  3-foot  vein  for  30 
feet,  along  which  an  altered  diabase  dike  apparently  forms  the  hang- 


Fl«.  16. — Sketch  map  showing  posltionfl  of  prospects  In  vicinity  of  Cholmondeley  Sound 

and  Dora  Lake. 

ing  wall.  This  vein  contains  pyrite  and  chalcopyrite  in  a  gangue  of 
quartz  calcite  and  some  graphite.  One  hundred  feet  south  of  this  a 
second  vein  1  foot  to  2  feet  wide  has  been  exposed  by  an  open  cut  at 
210  feet  elevation.  Higher  up  the  hill,  at  270  feet  elevation  and  500 
feet  east  of  the  tunnel,  the  vein  has  a  width  of  4  feet  and  shows 
considerable  sulphide  ore. 

On  Gladstone  No.  2  claim  the  general  east  and  west  strike  of  the 
veins  gradually  changes  to  a  N.  00""  AV.,  the  dip  being  85 "^  XE.  At 
400  feet  elevation  an  open  cut  exposes  a  O-foot  vein  for  considerable 
distance  along  the  strike,  and  similar  showings  have  been  nuide  at 
various  other  points  on  this  and  the  two  adjoining  claims  extending 
to  the  summit  of  the  divide  at  850  feet  elevation,  though  it  is  doubt- 
ful if  any  of  these  deposits  are  continuous  for  so  great  a  length  as  is 
generally  supposed. 
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Equator  group. — ^The  Equator  group  of  claims  lies  one-half  mile 
northeast  of  the  Gladstone  group  on  the  south  side  of  Choknondelej 
Sound  (see  fig.  16).  This  property  was  located  in  1902,  but  no  exten- 
sive developments  have  been  accomplished.  The  principal  woi^iiigs 
are  located  at  350  feet  elevation,  a  half  mile  from  tide  water,  and  con- 
sist of  a  50- foot  tunnel  along  the  ore  body.  The  mineral  deposit  is  a 
quartz  vein  3  feet  wide,  containing  masses  and  fragments  of  the  in- 
closing limestone  country  rock,  striking  N.  60°  W.,  parallel  to  the 
limestone  bedding  planes,  and  dipping  50°  SW.,  cutting  the  planes  at 
a  small  angle.  Chalcopyrite  and  pyrite  form  the  sulphide  minerals, 
and  the  values  are  essentially  in  gold.  The  same  vein  has  been  ex- 
posed by  open  cuts  at  points  higher  up  the  hillside. 

Saco  claim. — The  Saco  claim,  located  in  1905,  lies  just  below  the 
Equator  claim,  at  200  feet  elevation,  on  the  southwest  side  of  a  gulch. 
On  it  a  50-foot  tunnel  exposes  a  vein  deposit  4  feet  in  width  at  its 
mouth  and  narrowing  to  2  inches  at  its  face.  The  inclosing  rock  is 
a  talc  schist  striking  east  and  west,  the  trend  of  the  vein  being  N. 
45°  E.  with  vertical  dip.  Scattered  through  the  vein  are  small  masses 
of  chalcopyrite  and  pyrite,  carrying  small  values  in  gold  and  silver. 

Park  View  and  O.  K.  claims. — The  Park  View  and  O.  K.  prospects 
are  located  on  the  south  side  of  Cholmondeley  Sound,  at  an  elevation 
of  about  900  feet  and  1|  to  2  miles  from  tide  water.  The  mineral 
deposits  on  these  claims  were  discovered  in  1905  and  have  been  de- 
veloped by  surface  stripping  and  open  cuts.  On  the  Park  View 
claim  a  5-foot  bolt  of  mineralized  schist  parallel  with  the  inclosing 
schists  and  striking  N.  75°  W.  has  been  exposed  by  an  open  cut  and 
a  pit  8  feet  deep.  This  lode  deposit  includes  stringers  and  kidneys  of 
quartz  and  calcite,  and  chalcopyrite  and  pyrite  are  finely  dissemi- 
nated in  the  veinlets  and  the  schist.  The  average  values  are  reported 
to  be  low,  and  it  is  doubtful  if  ore  sufficiently  high  in  grade  to  mine 
will  be  found. 

On  the  O.  K.  claim,  three-fourths  of  a  mile  to  the  west,  on  the  west 
slope  of  the  ridge,  practically  no  work  has  been  done.  The  deposit 
is  a  well-defined  quartz  vein  striking  X.  75°  AV.  and  following  the 
contact  between  a  schist  to  the  north  and  a  limestone  belt  to  the 
south.  The  vein  is  3  to  4  feet  wide  and  is  exposed  100  feet  in  length, 
containing  chalcopyrite,  pyrite,  sphalerite,  and  small  amounts  of 
galena,  and  is  reported  to  carry  copper  and  gold. 

PUOSPKCTS  AT  KITKUN    DAY. 

Washington  and  Oregon  cJauna. — The  AVashington  and  Oregon 
prospects  are  situated  on  the  southeast  side  of  Kitkun  Bay  one-fourth 
mile  from  tide  water.  They  were  first  located  in  1900  as  the  Maggie 
May  gi'oup,  and  in  1904  were  relocated  under  the  above  names. 
Most    of   the   development    work   consists    of    wide    open    cuts    and 
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has  been  done  on  the  Washington  claim  near  its  junction  with  the 
Oregon  at  an  elevation  of  300  feet  (see  fig.  17).  The  ore  body  con- 
sists of  a  10- foot  band  of  brecciated  limestone  and  schist,  traversed 
by  a  network  of  quartz  stringers  and  veinlets  carrying  small  amounts 
of  sulphide  ore.  The  strike  of  this  lode  deposit  is  N.  45®  E.,  cross- 
cutting  the  general  trend  of  the  inclosing  country  rock,  which  is  to 
the  northwest.    About  200  feet  east  of  this  belt  is  a  vein  deposit  3 


Fio.  17.— Map  of  Kltkun   IJay,   BhowiriK  location   of  prospects. 

feet  wide,  striking  N.  30°  E.  with  vertical  dip  and  crosscuttin<r  the 
chlorite  schist  country  rock.  In  this  vein  pyrite,  chalcopyrite,  and 
sphalerite  occur,  containing  small  values  in  gold  and  silver. 

Kid  group. — The  Kid  group  of  three  claims  lies  one-fourth  mile 
east  of  the  Washington  claim.  The  property  was  originally  located 
as  the  Fawn  gi-oup  and  is  described  by  Mr,  Brooks  in  his  t<6^xV.^\i>^ 
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since  his  visit  in  1J)01  littlo  development  work  has  been  done,  and  in 
1905  the  claims  were  relocated  as  the  Kid  group.  Greenstone  schists 
with  intercalates!  limestone  beds  form  the  country  rock  and  have  a 
nearly  east  and  west  strike  with  a  dip  45°  N.  Three  parallel  quartz 
veins  striking  N.  80°  E.  with  a  vertical  dip  have  been  prospected  on 
these  claims.  On  claim  No.  2  is  a  tunnel  30  feet  long  at  650  feet  ele- 
vation, exposing  a  vein  4  feet  wide,  which  has  been  traced  for  a  con- 
siderable distance  along  the  surface,  following  the  principal  direction 
of  slipping  planes  and  jointing  in  the  country  rock.  At  one  point  it 
was  crosscut  by  a  diabase  dike  of  more  recent  intrusion  than  the  ore 
deposition.  The  vein  is  essentially  quartz,  carrying  small  amounts 
of  pyrite,  chalcopyrite,  galena,  and  sphalerite.  About  150  feet  east 
of  this  tunnel  is  the  second  vein,  which  is  from  4  to  8  feet  wide  and 
outcrops  along  the  surface  for  a  considerable  distance.  Where 
opened  by  surface  cuts,  pyrite  contained  in  a  gangue  of  quartz  and 
calcite  was  the  principal  sulphide  mineral. 

The  third  vein  lies  50  feet  farther  east,  and  has  been  explored  by 
several  open  cuts,  exposing  a  vein  6  feet  in  width  with  included  frag- 
ments of  schist  in  which  sulphide  minerals  were  finely  disseminated. 
This  vein,  as  also  tiie  other  two,  are  i*eported  to  contain  but  a  few 
dollars  in  metal  values. 

Alameda  and  Frisco  claims, — The  Alameda  and  Frisco  claims, 
which  are  also  undeveloped  prospects  and  represent  relocations  of  the 
Tom  Hoy  claims  Xos.  I  and  '2,  are  situated  along  a  gidch  one-half 
mile  from  tide  water  and  1  mile  southeast  of  the  Washington  claim. 
On  the  Alameda  claim,  at  750  feet  elevation,  is  a  vein  deposit  4  feet 
in  width  striking  north  and  south  with  a  dip  of  50°  east,  and  at  850 
feet  elevation  the  same  vein  is  exposed  on  the  east  bank  of  the  gulch. 
The  deposit  was  essentially  of  quartz,  containing  very  little  mineral, 
and  is  sjiid  to  be  low  in  gold  value.  At  1,(K)0  feet  elevation,  on  the 
Frisco  claim,  a  12-fo()t  vein  deposit  striking  north  and  south  has  been 
opened  by  a  surface  trench,  and  in  the  vein  are  included  fragments 
of  the  schist  and  limestone  country  rock,  and  small  particles  of  pyrite. 
The  vein  is  said  to  carry  but  a  few  dolhirs  in  gold  values.  Above 
this  claim,  at  1,050  feet  elevation,  on  the  divide  between  Kitkun  Bay 
and  Dolomi  or  Johnson  Inlet,  a  slightly  mineralized  lode  deposit  30 
feet  in  width  is  cxj^osed  and  forms  a  small  ridge  protruding  above 
the  schist.     This  is  also  reported  to  be  of  too  low  grade  to  mine. 

Crocstts  (/riHfjf. — This  groiij)  (Mubraces  sixteen  claims  extending  1 
mile  iidaiul  from  the  south  end  of  Kitkun  Hay.  They  were  first 
located  in  \S\)\)  and  are  described  by  Mr.  Hrooks,  who  visited  the  local- 
ity in  liH)l,  at  which  time  energetic  deveU^pments  were  being  ad- 
vanced. Since  \W\1  operations  have  been  suspended.  At  a  point  GOO 
fiH't  in  elevation  and  three-fourths  mile  from  the  bay  is  the  Croe^sus 
tunnel,  *M\0  feet  in  length.     This  follows  a  (juartz  vein  varying  from  a 
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width  of  4  feet  at  the  mouth  to  4  inches  in  width  at  the  face  of  the 
tunnel  and  striking  south  with  a  dip  of  85°  E.  The  country  rock  is  a 
greenstone  schist  alternating  with  beds  of  limestone  and  striking  N. 
70°  AV.  with  a  dip  70°  NE.  Above  this  tunnel  at  750  feet  elevation 
a  second  tunnel  135  feet  long  has  been  driven  along  the  same  quartz 
vein,  though  in  this  the  width  of  the  vein  was  much  smaller,  varying 
from  2  to  8  inches.  Rich  ore  is  reported  to  have  been  taken  from  this 
vein,  but  the  pay  streaks  are  small  and  in  places  Avere  faulted,  thus 
discouraging  further  developments.  About  a  half  mile  southwest  of 
thase  workings  is  the  San  Juan  claim,  on  which  at  a  point  500  feet  in 
elevation  a  crosscut  tunnel  320  feet  in  length  has  been  driven  in  a  S. 
65°  E.  direction,  and  above  this  a  second  tunnel  20  feet  long  has  been 
driven,  though  in  neither  tunnel  was  ore  exposed.  At  680  feet  in 
elevation  a  quartz  vein  6  feet  wide  striking  N.  20°  AV.  with  a  dip  30° 
NE.  Some  high  assays  have  been  obtained  from  the  ore  in  this  vein, 
but  its  average  value  is  low.  Other  prospects  have  been  located  in 
this  vicinity  on  similar  vein  depasits,  but  these  were  not  visited  by  the 
writers. 

PROSPECTS    AT   THE    HEAD   OF   DOBA    BAY. 

General  description, — Dora  Bay  is  a  narrow  inlet  3  miles  long  on 
the  south  side  of  Cholmondeley  Sound  (fig.  16).  At  its  head  a 
stream  one-half  mile  long  connects  with  a  lake  1\  miles  long,  and  at 
the  head  of  the  lake  the  mining  prospects  are  located.  These  may 
also  be  reached  by  a  trail  from  the  head  of  North  Arm.  The  lime- 
stones and  schist  constitute  the  principal  bed-rock  exposures  within 
this  area,  and  on  the  west  side  of  the  bay  these  are  intruded  by  a 
wude  area  of  granite,  which  also  forms  the  west  shore  of  Dora  Lake. 
The  mineral  deposits  are  veins  in  the  limestone  and  schist  and  con- 
tain values  principally  in  silver  and  lead  with  only  small  values  in 
gold,  the  ore  minerals  being  galena,  sphalerite,  pyrite,  and  chal- 
copyrite. 

Lady  of  the  Lake  gro^ip, — The  Lady  of  the  Lake  claims,  three  in 
all,  are  located  just  above  the  southwest  end  of  Dora  Lake  1^  miles 
from  the  bay.  At  220  feet  elevation  a  crosscut  tunnel  68  feet  long 
undercuts  a  vein  deposit  3  to  8  feet  wide  along  a  plane  of  breccia- 
tion  in  the  calcite-schist  country  rock.  At  its  outcrop  60  feet  above 
the  tunnel  the  vein  has  l^een  opened  by  surface  trenches  along  its 
strike,  which  is  X.  10°  W.  with  a  dip  50°  SW.,  parallel  to  tiie  bedding 
planes  of  the  inclosing  limestone  country  rock.  The  ccmtained  min- 
erals are  galena  and  sphalerite,  with  some  pyrite  and  chalcopyrite, 
and  the  values  contained  are  in  gold  and  silver.  No  work  has  been 
done  during  the  last  few  years  on  this  property. 

Oregon  and  Idaho  claims. — The  Oregon  and  Idaho  prospects  were 
originally  located  as  the  PVisco  group  in  1899,  and  in  190:^  were  relo- 


172      KETCHIKAN  AND  WBANQELL  MINING  DI8TBICT8,  ALASKA. 

cated  under  the  above  names.  They  are  situated  just  south  of  the 
Lady  of  the  Lake  group  and  half  a  mile  from  the  western  end  of 
Mineral  Lake,  tributary  to  North  Arm.  The  rock  exposures  consist 
of  decomposed  and  slightly  mineralized  schist  striking  N.  20*^  W.  and 
dipping  70^  SW.  The  ore  body  is  a  well-defined  vein  deposit  3  feet 
in  width  striking  N.  20^  E.  with  a  dip  70^  SE.,  and  follows  the  150- 
foot  contour  of  the  mountain  slope  for  several  hundred  feet.  It  has 
been  developed  by  pits  and  open  cuts  and  contains  sphalerite,  pyrite 
with  some  galena,  and  chalcopyrite.  The  ore  body  is  not  large  and 
the  values  are  said  to  average  but  a  few  dollars. 

DOLOMl. 

General  description. — Dolomi  is  a  small  mining  town  at  the  head 
of  a  small  bay  on  the  north  side  of  Johnson  Inlet,  which  has  its  en- 
trance south  of  Cholmondeley  Sound.  Tributary  to  this  bay  are  two 
broad,  low-lying  valleys  occupied  by  lakes,  the  one  trending  to  the 
north  and  the  other  to  the  west.  The  surrounding  mountains  are  rela- 
tively low,  with  gradual  slopes  densely  wooded  to  their  summits. 

The  rock  exposures  are  the  continuation  of  the  limestone  and  schist 
belts  exposed  in  Cholmondeley  Sound  to  the  north  and  having  an 
east  and  west  strike  (see  PI.  I).  The  rock  beds  at  this  point  a»re 
closely  folded,  and  the  limestones  are  altered  to  marble,  which  is 
often  banded  blue  in  color  and  siliceous.  The  schists  are  made  up 
principally  of  greenstone  material,  chiefly  indurated  tuffs,  and  inter- 
bedded  with  theiu  are  sericite  and  argillite  schists.  Numerous  dikes 
of  diabase  intrude  these  rock  beds  as  well  as  the  ore  deposits. 

The  ore  bodies  are  typical  examples  of  the  breccia  veins  and  usual- 
ly strike  parallel  to  the  general  structural  phines  of  the  altered  lime- 
stone and  siliceous  schist  country  rock.  Along  these  planes  the  min- 
eral solutions  have  circulated,  depositing  quartz  and  various  metallic 
sulphide  minerals,  which  together  form  the  cementing  material  of  the 
brecciated  limestone  fragments.  These  included  rock  fragments,  as 
well  as  the  inclosing  wall  rock,  are  largely  replaced  by  the  ore-bear- 
ing minerals.  These  deposits  vary  from  2  to  10  feet  in  width  and  are 
often  traceable  for  1,000  feet  or  more.  The  minerals  contained  are 
fine  gold,  tetrahedrite,  galena,  sphalerite,  chalcopyrite,  and  pyrite, 
with  quartz  and  calcite  as  gangue.  At  the  surface  exposures  the  tet- 
rahedrite and  chalcopyrite  are  in  some  instances  altered  to  malachite 
and  azurite,  which  tinge  the  veins  with  characteristic  green  and  blue 
colors.  In  this  type  of  deposit  the  richer  ore  generally  occurs  in  the 
form  of  shoots  within  the  vein,  pitching  at  an  angle  to  its  dip.  Of 
the  many  veins  that  have  been  prospected,  the  Valparaiso,  Paul,  Ama- 
zon, and  Golden  Fleece  are  best  known.  Since  1898  prospecting  has 
been  done  in  this  vicinity,  and  a  vast  number  of  claims  have  been  lo* 
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cated  and  partially  developed,  but  only  those  properties  on  which  the 
larger  ore  bodies  have  been  exploited  will  be  described  in  the  follow- 
ing pages.  From  two  mines,  the  Valparaiso  and  Golden  Fleece,  a 
small  production  of  high-grade  ore  was  made  in  former  years,  but  of 
la'e  mining  progress  has  been  retarded  by  litigation.  But  this  diffi- 
culty is  said  to  have  recently  been  overcome. 

Valparaiso  group. — The  Valparaiso  group  of  claims  includes  sev- 
eral locations  along  the  north  side  of  Paul  Lake,  from  1  to  2  miles 
from  Dolomi,  and  are  connected  with  the  head  of  the  bay  by  a  surface 
tramway  (fig.  18).  The  principal  development  work  has  been  ad- 
vanced on  the  Valparaiso  claims  Nos.  1  and  2,  and  on  the  Paul  and 


Fio.  18. — Sketch  map  showing  mines  and  prospects  near  Dolomi,  Prince  of  Wales  Island. 

Jessie  claims.  The  Valparaiso  claims  are  located  from  80  to  100 
feet  above  and  one-fourth  mile  from  the  northwest  end  of  Paul 
Lkke;  the  workings  consist  of  two  shafts  150  and  225  feet  in  depth, 
from  the  latter  of  which  90, 150,  and  200  foot  levels  have  been  extended 
along  the  vein  175,  850,  and  250  feet,  respectively,  in  length.  On  the 
Paul  and  Jessie  claims,  along  the  north  shore  of  Paul  Lake,  several 
shafts  have  been  sunk  from  10  to  60  feet,  following  the  veins,  and 
various  cuts  expose  the  ore  body  along  the  surface.  The  Valparaiso 
vein  is  probably  the  largest  and  most  extensive  of  the  ore  bodies  that 
have  been  discovered  in  this  section.  It  has  been  traced  several  thou- 
Mlid  feet  and  averages  from  4  to  10  feet  in  width.    It  has  a  N.  55*^  W, 
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trend  and  dips  30**  to  50®  NE.,  the  variation  being  due  to  the  folding 
and  flexing  of  the  inclosing  limestone  beds,  with  which  the  vein  is 
in  general  parallel.  Taken  as  a  whole,  the  vein  is  of  moderate  grade 
ore,  but  several  ore  shoots  containing  high  values  have  been  found  in 
it,  and  from  the  main  shaft  on  claim  No.  1  a  considerable  amount  of 
this  ore  has  been  mined.  The  following  figure  presents  a  cross  sec- 
tion and  plan  of  the  ore  shoot  in  this  vein  as  exposed  at  these  work- 
ings (fig.  19).  The  ore  shoot  is  confined  to  the  foot  wall,  and  pitches 
()0°  SE.  The  central  portion  of  the  vein  is  made  up  of  limestone 
breccia  in  a  quartz  matrix,  and  on  both  the  foot  and  hanging  wall 
sides  it  is  defined  by  veins  of  massive  quartz.  Slipping  planes  along 
which  gouge  matter  is  present  were  observed  striking  parallel  with 
the  vein.  The  ore  minerals  are  tetrahedrite  carrying  free  gold,  chal- 
copyrite,  and  some  pyrite. 


Shmft 


Fi(j.  10. — Sketch  of  mine  workln^jrs  at  Valparaiso  niinr.   Dokmil.  showiiiK  position  of  ore 

shoot. 

Tlie  veins  exposed  on  the  Paul  and  Jessie  claims  are  similar  to  the 
Vali)araiso  vein  and  have  fairly  well-defined  walls.  The  principal 
vein,  which  has  been  developed  on  both  of  the  claims,  strikes  N.  70° 
W.  and  (lips  85°  NE.  It  varies  from  3  to  8  feet  in  width  and  follows 
Ihe  general  trend  of  the  inclosing  limestone.  It  is  traversed  by 
slipping  planes,  showing  that  a  deformation  of  the  vein  has  taken 
j>lace  since  its  deposition.  Both  in  the  vein  and  in  the  country  rock 
sulphide  minerals  are  finely  disseminated  and  occur  in  small  masses 
throughout  the  vein.  The  minerals  observed  are  free  gold,  pyrite, 
chalcopyrite,  tetrahedrite,  galena,  and  sphalerite,  and  at  the  surface 
malachite,  azurite,  and  limonite  are  present. 

Amazon  claim, — The  Amazon  claim  is  located  about  1  mile  north 
of  Dolomi  and  west  of  John  Creek  (fig.  18).  The  country  rock  is 
a  calc  schist  striking  X.  85°  E.  with  a  dip  of  50°  NW.  The  deposit 
is  a  breccia  vein  from  5  to  10  feet  in  width,  which  is  parallel  to  the 
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bedding  plane.  The  developments  consist  of  an  inclined  shaft  125 
feet  deep  and  at  a  point  50  feet  below  the  surface  a  drift  extended 
30  feet  to  each  sidS.     The  ore  is  of  relatively  low  grade. 

Salmon  claim. — This  claim  is  located  on  the  west  side  of  John 
Creek  one- fourth  mile  north  of  Dolomi  (fig.  18),  The  ore  at  this 
point  is  inclosed  in  a  greenstone  schist  and  consists  of  a  breccia  vein 
averaging  5  to  15  feet  in  width,  striking  N.  80°  W.  and  exposed  for 
300  feet  in  length  by  open  cuts  and  shallow  pits.  The  surface  ex- 
posures of  this  deposit  are  much  oxidized,  the  original  sulphide 
minerals  being  pyrite  and  chalcopyrite.  Material  from  the  oxidized 
portion  subjected  to  pan  tests  yielded  colors  of  gold. 

Beauty  claims. — The  Beauty  group  of  two  claims  lies  one-half 
mile  north  of  Dolomi  on  the  east  side  of  John  Creek,  the  lower  claim 
crossing  to  the  west  side  of  the  creek  (see  fig.  18).  A  quartz  vein  4 
to  6  feet  wide  striking  N.  20°  E.  and  dipping  45°  SE.  constitutes  the 
ore  body.  This  traverses  a  limestone  belt  striking  N.  30°  W.  and  has 
I  been  traced  for  nearly  1,000  feet,  being  exposed  on  claim  No.  2  by 
I  two  inclined  shafts  50  feet  and  60  feet  in  depth  and  on  claim  No.  1 
by  a  15-foot  shaft.  On  the  east  side  of  the  latter  claim  another  vein 
deposit  2  feet  in  width  parallels  the  bedding  plane  of  the  limestone, 
but  has  only  been  exposed  by  an  open  cut.  The  minerals  contained 
are  tetrahedrite,  chalcopyrite,  and  pyrite,  with  small  amounts  of  mala- 
chite and  azurite  exposed  on  the  surface. 

Fortune  claim.s. — The  Fortune  claims  begin  100  yards  below  the 
mouth  of  James  Lake  juul  extend  northwest  along  the  southwest 
shoi*e  of  the  lake.  The  country  rock  is  a  graphitic  schist  with  included 
bands  of  blue  limestone.  The  ore  body  is  a  lode  deposit  striking  N. 
60°  W.  and  dipping  25°  SE.  and  is  10  feet  or  more  in  width  including 
quartz  veins  from  1  foot  to  2  feet  in  width.  Slipping  planes  are  of 
common  occurrence  throughout  the  deposit,  and  in  places  it  is  much 
fractured.  Chalcopyrite  and  pyrite  are  the  principal  minerals  that 
occur.  The  developments  consist  of  shallow  shafts  and  open  cuts  and 
do  not  exceed  in  amount  the  annual  assessment  requirements. 

Alpha  group. — The  Alpha  claims,  three  in  number,  are  located 
between  300  and  400  feet  elevation  on  the  moimtain  1^  miles  from  . 
Dolomi  and  half  a  mile  east  of  James  Lake  (see  fig.  18).  The  prin- 
cipal ore  body  developed  consists  of  a  vein  deposit  5  feet  in  width, 
which  has  been  traced  for  nearly  2,000  feet  in  length.  The  rock 
formation  consists  of  a  banded  limestone,  in  places  schistose  and 
much  folded,  striking  N.  80°  W.  The  vein  has  a  north  and  south 
strike  and  dips  45°  W.  and  contains  pyrite  and  chalcopyrite  with 
small  values  in  gold.  The  development  work  consists  of  open  cuts 
and  a  shaft  35  feet  deep. 

Golden  Fleece  group. — ^The  Golden  Fleece  property,  which  repre- 
sents one  of  the  earliest  locations  in  the  region,  lies  on  iVv^  \voy\\i  ^\A 
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of  James  Lake  2  miles  from  tide  water   (see  fig.  18).     A  5-j 
mill  was  erected  on  the  property  in  1901  and  a  tramway  built 
the  lower  end  of  the  lake  to  the  wharf  at  Dolomi.    The 
velopments,  which  were  actively  advanced  in  1901-2,  consist  ol 
long  tunnels,  each  200  feet  in  length,  and  from  them  stoi 
winzes  have  been  sunk  on  the  ore  body.    Early  in  1905  work  oi 
property  was  suspended  and  since  that  time  no  attempt  has 
made  to  operate  this  mine. 

The  ore  deposits  are  irregular  lenses  slightly  cutting  the 
planes  of  the  inclosing  limestone  and  varying  from  a  fraction 
foot  to  8  feet  or  more  in  width.  The  strike  of  these  irregulf 
posits  is  northeasterly,  the  dip  being  40°  SE.  A  peculiar  and! 
vantageous  feature  of  this  mine  is  the  occurrence  of  several  lime 
caverns  which  in  places  follow  the  mineral  deposit.  Crosscut 
both  the  limestone  and  the  ore  bodies  are  diabase  dikes  which 
of  more  recent  intrusion  than  the  ore  deposit.  The  ore  consif 
free  gold  with  tetrahedrite  and  pyrite,  the  grade  on  a  whole 
moderate. 

PBOSPECrS  ON  SOUTH  SIDE  OF  NORTH  ARM. 

On  the  south  side  of  North  Arm  several  groups  of  claims  hi 
been  located  on  the  mountain  slope  1  to  2  miles  from  the  shore,  1 
with  the  exception  of  annual  assessment  work  the  developments  hi 
been  slight  (see  fig.  7). 

The  Westlake  group  consists  of  three  claims,  the  Little  Annis,  i 
Blue  Bird,  and  the  Homestake,  located  in  1901.  On  the  Little  Am 
claim,  at  1,200  feet  elevation,  quartz  stringer  veins  occur  in  gran 
near  its  contact  with  a  schist  belt  and  have  been  exposed  near 
contact  by  several  open  cuts.  The  veins  strike  N.  30°  E.  and  dip  1 
SE.;  they  are  variable  in  width,  contain  pyrite  in  small  amounts^ a 
are  reported  to  carry  low  values  in  gold.  At  1,500  feet  elevation, 
the  Blue  Bird  claim,  which  has  been  relocated  and  is  now  called  t 
Sleepy  Eye  claim,  a  shaft  40  feet  deep  has  been  sunk  on  a  bedded  v< 
in  mineralized  schist,  striking  N.  60°  W.  and  dipping  55°  SW.  T 
metallic  minerals  are  galena,  zinc  blende,  pyrite,  and  occasional  par 
cles  of  free  gold,  in  a  gangue  of  quartz  and  graphite.  The  sch 
formation  is  banded  and  varies  from  phvllite  to  green  chlorite  schi 
The  vein  is  reported  to  carry  high  values  in  gold  and  can  be  trac 
for  a  considerable  distance.  The  main  quartz  vein  shows  evidet 
of  having  been  fractured  and  recemented  by  later  quartz  fillini 
The  developments  on  this  group  of  (»laims,  however,  have  not  3 
progressed  sufficiently  to  expose  ore  bodies  of  any  extent  or  gr< 
promise. 

Northwest  of  the  Westlake  group  and  nearer  the  shore  is  the  Ho 
claim,  on  which  a  pyritiferous  quartz  vein  has  been  discovered  f< 
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lowing  slipping  planes  in  chlorite  schist.  The  vein  is  irregular  in 
width  and  direction  and  has  l)een  investigated  by  means  of  a  tunnel 
at  450  feet  elevation  and  about  80  feet  in  length.  Not  far  from  the 
tunnel  a  large  intrusive  granite  mass  invades  the  chlorite  schist. 
Those  claims  were  visited  and  described  by  Mr.  Brooks  in  1901,  and 
but  little  work  has  been  accomplished  on  them  since  that  time. 

GSAVINA  18LAND. 

(iKNERAL   DKSCBIPTION. 

The  only  gold  deposits  so  far  discovered  on  Gravina  Island  are 
along  its  eastern  shore  opposite  Pennock  Island.  This  portion  is 
made  up  of  tlie  greenstone  schists  with  interstratified  slate  beds  strik- 
ing X.  50°  W.  and  dipping  60°  NE.  These  are  intruded  by  occasional 
(likes  of  diabase  striking  approximately  north  and  south,  which  cross- 
cut the  ore  deposits.  The  ore  bodies  are  both  vein  deposits  and  lode 
deposits,  the  latter  being  the  most  important.  The  lodes  consist  of 
an  impregnation  of  sulphide  minerals  and  fillings  of  quartz  in 
the  form  of  veinlets  along  beds  of  altered  greenstone  schist.  This 
character  of  mineralization  extends  from  5  to  50  feet  in  width  and 
is  often  traceable  for  a  few  thousand  feet  along  the  trend  of  the 
schist.  Such  lodes  may  be  readily  recognized  on  the  surface  by  the 
bleached  appearance  of  the  rocks  caused  in  part  by  the  decomposition 
of  the  sulphide  minerals.  The  principal  metallic  mineral  is  pyrite, 
disseminated  in  the  form  of  small,  bright  cubes  and  contained  in  both 
the  quartz  veinlets  and  the  schist  in  amounts  varying  from  2  to  4 
per  cent.  The  presence  of  slipping  planes  and  narrow  seams,  usually 
transverse  to  the  schistosity,  which  are  often  filled  with  quartz  con- 
taining the  sulphide  minerals  galena  and  sphalerite,  indicates  an  in- 
j(H-tion  of  mineralizing  solutions  subsequent  to  the  main  period  of 
<»re  deposition.  Gold  is  also  present  in  these  later  veins  in  small 
visible  particles. 

(JOLDSTBEAM    GROUP. 

Situation  and  development. — The  Goldstream  group  of  six  claims, 
the  property  of  the  Irving  Consolidated  Mining  Company,  is  situated 
close  to  tide  water  on  the  east  side  of  Gravina  Island  3  miles  south 
of  Ketchikan.  The  presence  of  mineral  deposits  outcropping  along 
the  shore  at  this  locality  has  been  known  since  1897,  and  various  at- 
tempts have  been  made  to  develop  them,  but  with  little  success.  The 
principal  work  was  done  in  1903,  when  a  5-stamp  mill  was  installed, 
a  shaft  was  sunk,  and  drifts  were  extended  along  the  ore  body.  Small 
developments  were  accomplished  the  following  two  years,  and  the 
values  recovered  from  the  ore  mined  and  treated  in  the  stamp  mill 
lire  reported  to  have  defrayed  all  development  expanses,  Iw  V^QiVi 
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lowing  slipping  planes  in  chlorite  schist.  The  vein  is  irregular  in 
width  and  direction  and  has  been  investigated  by  means  of  a  tunnel 
at  450  feet  elevation  and  about  80  feet  in  length.  Not  far  from  the 
tunnel  a  large  intrusive  granite  mass  invades  the  chlorite  schist. 
These  claims  were  visited  and  described  by  Mr.  Brooks  in  1901,  and 
but  little  work  has  been  accomplished  on  them  since  that  time, 

OBAVINA  ISLAND. 

UKNKRAL   DESCRIPTION. 

The  only  gold  deposits  so  far  discovered  on  Gravina  Island  are 
along  its  eastern  shore  opposite  Pennock  Island.  This  portion  is 
made  up  of  the  greenstone  schists  with  interstratified  slate  beds  strik- 
ing X.  50°  W.  and  dipping  60°  NE.  These  are  intruded  by  occasional 
dikes  of  diabase  striking  approximately  north  and  south,  which  cross- 
cut the  ore  deposits.  The  ore  bodies  are  both  vein  deposits  and  lode 
<leposits,  the  latter  being  the  most  important.  The  lodes  consist  of 
an  impregnation  of  sulphide  minerals  and  fillings  of  quartz  in 
the  form  of  A'einlets  along  beds  of  altered  greenstone  schist.  This 
character  of  mineralization  extends  from  5  to  50  feet  in  width  and 
is  often  traceable  for  a  few  thousand  feet  along  the  trend  of  the 
schist.  Such  lodes  may  be  readily  recognized  on  the  surface  by  the 
bleached  appearance  of  the  rocks  caused  in  part  by  the  decomposition 
of  the  sulphide  minerals.  The  principal  metallic  mineral  is  pyrite, 
disseminated  in  the  form  of  small,  bright  cubes  and  contained  in  both 
the  quartz  veinlets  and  the  schist  in  amounts  varying  from  2  to  4 
per  cent.  The  presence  of  slipping  planes  and  narrow  seams,  usually 
transvei-se  to  the  schistosity,  which  are  often  filled  with  quartz  con- 
taining the  sulphide  minerals  galena  and  sphalerite,  indicates  an  in- 
jection of  mineralizing  solutions  subsequent  to  the  main  period  of 
ore  deposition.  Gold  is  also  present  in  these  later  veins  in  small 
visible  particles. 

(JOLDSTBEAM     GROUP. 

Situation  am}  development. — The  (joldstream  group  of  six  claims, 
the  property  of  the  Irving  Consolidated  Mining  Company,  is  situated 
close  to  tide  Avater  on  the  east  side  of  Gravina  Island  3  miles  south 
of  Ketchikan.  The  presence  of  mineral  deposits  outcropping  along 
the  shore  at  this  locality  has  been  known  since  1897,  and  various  at- 
tempts have  been  made  to  develop  them,  but  with  little  success.  The 
principal  work  was  done  in  1903,  when  a  5-stamp  mill  was  installed, 
a  shaft  was  sunk,  and  drifts  were  extended  along  the  ore  body.  Small 
developments  were  accomplished  the  following  two  years,  and  the 
values  recovered  from  the  ore  mined  and  treated  in  the  stamp  mill 
are  reported  to  have  defrayed  all  development  expanses.  In  190G 
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llu"  Irving  Consolidated  Mining  Company  was  organized  and  larger 
operations  were  begun.  The  present  developments  consist  of  a  shaft 
115  feet  in  depth,  from  which  two  levels  50  and  100  feet  below  the 
surface  have  been  extended  and  about  400  feet  of  drifting  and  cross- 
cutting  has  been  accomplished.  From  the  stopes  in  the  ore  body 
:i,000  tons  of  ore  are  reported  to  have  been  mined.  At  other  ix)ints  on 
each  of  the  two  adjoining  clainLS  to  the  southeast  belonging  to  the 
same  company  a  50-foot  shaft  has  been  sunk  and  open  cuts  and 
trenches  have  been  made  along  the  ore  bodies.  Besides  the  5-stanip 
mill  a  wharf  has  lx?en  built  and  several  buildings  erected. 

Ore  bodies, — Two  lode  deposits  occur  at  this  mine,  both  striking 
j)arallel  with  the  schistosity  of  the  inclosing  rock  and  l)eing  sc»parated 
by  a  belt  of  unmineralized  schist  90  f^t  in  width.  The  coimtry  rock 
is  a  schist  of  variable  character,  made  up  of  both  igneous  and  seili- 
mentary  material,  the  predominant  varieties  being  chlorite,  talc,  and 
quai-tz-sericite  schist.  The  main  deposit,  on  which  the  principal  de- 
velopments have  been  advanced,  has  a  width  of  4  to  8  feet  and  is 
traceable  1,000  feet  or  more  in  length.  Though  the  lodes  are  miner- 
alized throughout,  t-he  values  are  confined  to  an  ore  shoot  pitching  G0° 
SE.  in  the  lode  exposed  at  the  top  of  the  shaft.  This  is  exposed  in 
both  the  50-  and  100-foot  levels  for  60  to  80  feet  in  length,  and  from 
it  a  large  portion  of  the  ore  has  been  mined.  It  is  reported  that  late 
in  lOOG  another  ore  shoot  had  been  opened  on  the  100-foot  level  by  a 
drift  extending  northwest  from  the  shaft.  The  principal  minerals 
contained  in  the  ore  from  this  deposit  are  pyrite,  chalcopyrite,  galena, 
sphalerite,  and  some  arsenopyrite.  The  gold  occurs  native,  associ- 
ated with  the  sulphides  and  quartz  seams  in  small  particles,  and 
along  slipping  j)lanes  and  cracks  in  tlie  form  of  thin  flakes.  In  the 
mine  workings  an  altered  diabase  dike  several  feet  wide  has  been 
encountered  crosscutting  the  ore  body  and  s-triking  X.  10*^  W.  with  a 
dip  of  75^  NE.  Quartz  stringers  barren  of  mineral  were  observed  to 
intersect  this  dike,  and  these  and  the  dike  are  younger  than  the  gen- 
eral mineralization  of  the  schists  and  apparently  of  more  recent  in- 
trusion than  the  second  period  of  mineralization  represented  by  the 
(juartz  seams  carrying  galena  and  sphalerite.  On  the  second  lode 
(h'posit,  100  feet  southwest,  is  a  much  wider  oi'e  I)ody  ex])osed  across 
n  width  of  40  feet  and  for  several  hundred  feet  in  length.  The  hang- 
ing- and  foot- wall  sides  of  this  lode  are  defined  1)V  bands  of  heavily 
mineralized  rock  8  to  14  feet  wide,  the  central  portion  being  com- 
posed of  but  slightly  mineralized  schist.  A  oO-foot  shaft  has  been 
>\\\\\\  on  the  foot-wall  portion  of  the  lode,  but  the  ore  developed  car- 
ries oidy  sniaJl  values  in  gold.  The  possil)le  continuation  of  this 
deposit  has  also  lK»en  prospected  on  the  adjoining  claim  to  the  south- 
east bv  a  .-)0-foot  shaft  and  surface  trenches. 
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HECKMAN    GBOUP. 


The  Heckman  group  consists  of  five  claims  which  start  at  a  point 
on  the  shore  1  mile  south  of  the  Goldstream  mine  and  extend  north- 
westerly up  the  eastern  slope  of  the  island.  Close  to  the  beach  is  a 
60- foot  shaft  with  drifts  32  feet  in  length  exposing  a  lode  deposit  8 
feet  in  width.  At  a  point  half  a  mile  to  the  northwest  a  second  shaft 
has  been  sunk  50  feet  on  a  similar  lode  deposit,  though  at  this  point 
but  a  small  amount  of  mineralization  was  observed.  No  work  has 
been  done  on  these  claims  during  the  last  few  years. 


MOONSHINE   GROUP. 


The  two  claims  which  comprise  the  Moonshine  group  arc  located 
one- fourth  mile  south  of  the  Heckman  group.  The  ore  bodies  on  these 
claims  consist  of  two  parallel  vein  deposits  striking  northwest,  the  one 
18  feet  and  the  other  0  feet  wide,  separated  by  50  feet.  The  country 
rock  is  made  up  of  black  and  altered  greenstone  schist.  On  the  larger 
vein  is  an  open  cut  30  feet  long,  and  on  the  smaller  vein  a  shaft  12 
feet  deep  has  been  sunk.  No  work  has  been  advanced  on  these  de- 
posits during  the  last  few  years  and  the  ore  is  apparently  of  too  low 
a  grade  to  encourage  further  developments. 


ANNETTE  I8LANB. 


Annette  Island  lies  just  south  of  Graviria  Island  and  includes  an 
area  of  133  square  miles.  The  eastern  and  central  parts  of  the  island 
are  abrupt  and  mountainous,  the  highest  summit  being  Mount  Ton- 
gass,  with  an  elevation  of  3,684  feet;  the  west  coast  of  the  island  is 
low  and  flat  and  is  fringed  by  dangerous  reefs.  The  only  village  on 
the  island  is  the  thriving  Indian  settlement  Metlakatla,  which  is 
unique  in  many  ways  and  owes  its  existence  and  present  prosperity 
entirely  to  Mr.  William  Duncan,  whose  active  life  has  all  been  prac- 
tically devoted'to  the  uplifting  and  education  of  this  tribe  of  Indians. 
The  results  he  has  attained  and  the  high  plane  of  civilization  to  which 
he  has  brought  these  untaught  Indians  are  most  creditable,  and,  as  an 
example  of  devotion  and  self-sacrifice,  his  work  will  ever  remain  an 
unparalleled  achievement  in  the  annals  of  the  pioneer  life  of  Alaska. 

By  act  of  Congress  Annette  Island  was  reserved  for  the  exclusive 
use  of  the  Indians  under  Mr.  Duncan.  At  the  time  when  this  act  was 
])assed  little  was  known  of  the  mineral  resources  of  this  country, 
although  prospectors  had  already  located  claims  on  the  east  side  of 
this  island  and  developed  them  to  some  extent.  On  the  passage  of 
this  law  these  prospectors  were  banished  from  the  island  and  further 
prospecting  prohibited,  the  ol)ject  in  view  being  to  isolate  the  In- 
dians and  remove  them  from  the  influence  of  the  whites  as  nuicli  as 
possible.  In  the  course  of  years  the  Indians  have  shown  themselves 
independent  and  capable  to  cope  with  the  white  men  in  their  chosea 
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field  of  activity.  With  the  exception  of  Metlakatla,  the  ishiiul  is 
uninhabited  and  is  benefiting  neither  Indian  nor  white  man.  In 
his  report  on  this  district  Mr.  Brooks "  presented  a  broad  view  of  the 
case  and  suggested  that  the  eastern  mountainous  half  of  the  island 
be  opened  to  prospectors  and  mining  men,  to  whom  much  of  the  de- 
velopment of  this  region  is  due.  The  Indians  by  nature  do  not  take 
kindly  to  prospecting  and  mining  and  have  given  no  indication  that 
they  w-ill  ever  use  in  any  way  the  eastern  half  of  the  island,  which 
has  little  or  no  value  from  an  agricultural  standpoint.  To  release 
the  land  a  special  act  of  Congress  will  be  necessary,  and  even  then  it 
is  not  certain  that  mineral  deposits  of  great  value  will  be  discovered. 
However,  abundant  evidence  of  mineralization  and  small  deposits  of 
high-grade  ore  were  observed  on  the  island  by  the  writers. 

The  geology  of  the  island  is  represented  in  a  general  way  on  the 
map  (PL  II).  The  central  portion  is  composed  of  intrusive  granitic 
masses  and  is  surrounded  by  Paleozoic  limestones,  schists,  and  slates, 
and  along  the  eastern  shore  the  latter  are  overlain  by  greenstones 
with  interstratified  slate  beds.  Along  the  southeastern  shore,  both  in 
the  granite  and  the  schists,  are  vein  deposits  in  which  pyrite,  chal- 
copyrite,  and  some  galena  were  noted.  Many  of  these  were  located 
and  prospected  in  former  years.  Vein  deposits  and  ore  pockets  occur- 
ring in  a  limestone  belt  were  developed  to  considerable  extent  at  a 
point  2  miles  from  tide  water  on  the  south  side  of  ji  lake  on  the  east 
side  of  the  island.  These  veins  are  small  and  of  no  groat  ext4?nt, 
l)eing  less  than  a  foot  in  width  and  less  than  100  feet  in  length.  Sev- 
eral of  these  deposits,  some  of  which  are  mere  pockets,  have  been 
exposed  by  open  cuts.  They  contain  nnieh  tetrahedrile  and  some 
clialcopyrite,  and  are  said  to  carry  high  values  in  both  gold  and  silver. 
On  tlie  east  side  of  this  lake  is  a  band  of  mineralized  scliist  contain- 
ing chalcopyrite  and  pyrite,  which,  however,  lias  not  been  developed 
«nd  is  said  to  carry  low  values  in  copper  and  gold. 

North  of  these  deposits,  about  a  mile  from  tide  water,  quartz  veins 
were  observed  in  the  schist  adjacent  to  the  granite  and  in  a  few 
instances  in  the  granite.  These  are  w^ell  defined  on  the  surface  and 
vary  from  1  foot  to  4  feet  in  width.  They  contain  practically  no 
sidpliide  mii^erals,  and  are  said  to  carry  low  values  in  gold. 

Mining  developments  and  prospecting  have  Ihhmi  at  a  standstill 
since  this  island  was  nnide  an  Indian  reservation,  and  the  above 
prospects  and  deposits,  though  worthy  of  further  investigation,  have 
been  idle. 

DALL   I8LAMK 

(fi)}(ral  description. —  Dall  Island  is  an  irregular  mountainous  land 
stri}),  about  40"  miles  in  length,  lying  southwest  of  Piince  of  Wales 
Island,  with  summits  averaging  from  1,500  to  8,000  fec^t  in  altitude. 

«Bro«k8,  A.  H.,  Prof.  Paper  U.  S.  Geol.  Survey  No.  1,  1902.  pp.  lOs-100. 
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It  is  miide  up  essentially  of  schist,  limestone,  and  occasional  narrow 
'jelts  of  granite,  all  of  which  have  a  northwesterly  trend  and  traverse 
the  island  at  an  angle  to  its  principal  axis.  Prospecting  has  not 
been  vigorous  in  consequence  of  its  isolated  position,  and  its  ocean- 
ward  coast  is  known  to  only  a  few^  of  the  more  persistent  gold  seekers. 

Dakoo  Harbor  prospects. — The  principal  prospects  on  Dall  Island 
are  located  at  the  south  end  at  Dakoo  Harbor,  2  miles  northeast  of 
Cape  Muzon,  on  the  Elk  and  Virginia  claims.  The  ore  bodies  are 
both  auriferous  quartz  veins  and  belts  of  schist  impregnated  with 
gold-bearing  sulphides.  On  the  Elk  group,  which  is  situated  only  a 
short  distance  from  tide  water,  two  tunnels  have  been  driven  200  and 
265  feet  in  length,  at  80  and  450  feet  elevation,  respectively.  The 
deposit  is  exposed  only  in  the  upper  tunnel  and  by  several  open  cuts. 
It  consists  of  a  belt  of  decomposed  schist,  and  across  a  width  of  50 
feet  or  more  this  is  reported  to  carry  sufficient  values  in  gold  to  make 
low-grade  ore.  The  Virginia  group  lies  northwest  of  the  Elk  at  an 
altitude  of  300  feet,  1^  miles  from  tide  water.  Bands  of  mineralized 
schist  also  occur  on  this  property,  but  the  principal  ore  bodies  are 
quartz  veins  varying  from  narrow  stringers  to  veins  10  feet  in  width. 
They  are  exposed  by  two  shafts  less  than  20  feet  in  depth  and  by 
short  tunnels  located  in  a  narrow  creek  canyon.  The  country  rock  is 
a  weathered  amphibole  schist  interbedded  with  narrow  bands  of  crys- 
talline limestone.  The  gold  values  are  associated  with  pyrite,  chalco- 
pyrite,  and  galena,  and  are  said  to  be  higher  than  those  contained  in 
the  Elk  lode. 

Mount  Vesta  prospects. — ^The  Mount  Vesta  group  of  claims,  a  prop- 
erty of  the  Alaska  Industrial  Company,  is  located  on  the  northeast- 
ern slope  of  Mount  Vesta,  about  a  mile  from  Mount  Vesta  Harbor. 
The  mineral  occurs  in  small  seams  or  veinlets  a  few  inches  in  width 
md  separated  by  wide  areas  of  crystalline  limestone.  The  ore  is  of 
liigh  grade  and  composed  essentially  of  tetrahedrite  (gray  copper) 
and  chalcopyrite  with  galena  and  sphalerite.  The  mine  workings  are 
situated  between  000  and  800  feet  in  elevation,  and  consist  of  open 
3uts  and  a  tunnel  80  feet  in  length.  Many  other  prospects  have  been 
located  along  the  east  coast  of  Dall  Island,  though  no  improvements 
)f  importance  have  been  made  on  them. 

BAKER     IHLAND. 

Baker  Island  is  one  of  the  smaller  seaward  mountainous  land 
masses  off  the  west  coast  of  Prince  of  Wales  Island  and  north  of 
Dall  Island  (see  PI.  I).  Its  western  side  is  composed  of  a  granite 
jelt  intruding  argillaceous  schists,  which  lie  to  the  east,  striking  north- 
kvesterly  and  dipping  northeast.  The  rock  exposures  around  the  east 
dde  of  the  island  are  mainly  of  greenstone  lava  and  tuff  beds  with 
5ome  interstratilied  argillites. 
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Adjacent  to  Port  Antonio,  in  the  central  jmrtion  of  the  ishmd, 
deposits  consisting  of  small  quartz  veinlets  in  the  granite  and  the 
adjacent  schists  have  been  located  and  prospected  to  some  extent. 

The  principal  prospect  is  located  on  the  north  side  of  the  bay  at 
about  »300  feet  elevation.  Here  quartz  veinlets  carrying  some  galena, 
sphalerite,  and  pyrite  inclosed  in  the  argillaceous  schists  have  been 
exposed  by  open  cuts,  and  the  ore  is  said  to  carry  high  values,  though 
the  amount  developed  is  small.  Near  the  entrance  to  San  Antonio 
Bay  several  parallel  quartz  veins  are  exposed  along  the  shore  in- 
closed in  the  granite  and  containing  small  amounts  of  pyrite.  They 
h»ve-*not  been  developed,  and  the  values  contained  are  said  to 
Ix:  low. 

W0KW0D8KI  ISLAND. 

General  description. — Woewodski  Island  lies  between  the  south 
end  of  Wrangell  Narrows  and  the  entrace  to  Duncan  Canal  and  is 
separated  from  Kupreanof  Island  to  the  north  by  Beecher  Pass.  It 
is  a  relatively  low-lying  land  mass  from  3  to  4  miles  in  width  and  5J 
miles  in  length,  and  is  heavily  timbered  to  the  mountain  tops.  (Jeo- 
logically  the  island  is  traversed  by  the  slate-greenstone  belt  striking 
northwest  and  intruded  by  diorite  batholiths  in  a  small  area  in  the 
northeast  secticm  of  the  island.  A  large  number  of  mining  claims 
are  located  along  both  the  east  and  west  shores  of  the  island  and  a 
largo  amount  of  development  work  has  been  done,  though  none  of 
the  properties  have  reached  the  producing  stage.  The  ore  bodies 
are  principally  vein  deposits  containing  essentially  gold  values  and 
inclosed  in  the  slate  greenstone  country  rock. 

IJattie  (J roup, — The  Hattie  group  of  claims,  the  pi*operty  of  the 
Olympic  Mining  Company,  is  situated  close  to  tide  water  on  tlie 
southwest  side  of  Woewodski  Island  (see  fig.  '20),  The  (claims  were 
first  located  in  1900,  and  in  11)01  active  developments  began  and 
progressed  until  the  end  of  1903.  In  1904  operations  were  suspended 
and  tlie  property  was  idle  until  the  summer  of  1907,  when  small 
developments  were  again  in  progress.  The  surface*  (levelo))nients 
consist  of  a  wharf,  connected  by  a  tramway  1,000  feet  long  with  the 
mine  workings,  and  various  mine  buildings. 

At  the  mine  a  ^iOO-foot  tunnel  has  been  driven  in  a  northeasterly 
direction,  and  at  a  point  GO  feet  from  its  mouth  a  shaft  has  been  sunk 
Ui.")  feet  in  depth  from  the  tunnel  level,  and  from  this  shaft  two  levels 
have  been  extended  at  depths  of  ()2  and  134  feet.  At  the  time  of  the 
writers  visit  the  shaft  was  tilled  with  water,  and  obseivntions  were 
necessarily  confined  to  the  tunnel  and  surface  exposures  of  the  ore 
bodies. 

The  country  rock  is  essentially  an  altered  greenstone,  in  places 
schistose,  striking  northwest.  The  ore  bodies  are  vein  deposits  filling 
fissures  and  breccia  veins  along  planes  of  brecciation  in  the  country 
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rock,  and  in  places  both  fissure  and  breccia  veins  occur  together. 
Several  deposits  of  this  character  have  been  exposed  in  the  mine 
workings  and  along  the  surface,  the  largest  being  the  Hattie  vein, 
varying  from  5  to  20  feet  in  width,  and  traceable  for  several  hun- 
dre<l  feet  in  length.  The  vein  has  a  northeast  strike  and  dips  80° 
SE.,  but  in  places  it  stands  nearly  vertical.  As  a  whole  it  is  appar- 
ently of  too  low  grade  to  make  ore,  l)ut  in  it  are  shoots  of  ore  pitch- 


FlQ.  20. — Sketch  map  of  Woewodski  Island,  showing  positions  of  mining  cluiins. 

ing  southwest  in  which  good  values  are  reported.  Fault  planes,  indi- 
cated by  gangue  seams,  were  observed  striking  north  and  south, 
but  they  do  not  appear  to  have  displaced  the  vein  to  any  extent.  Tlie 
vein  material  is  principally  quartz  surrounding  large  masses  of  al- 
tered green.stone,  which  is  also  slightly  mineralized.  The  <>n»  min- 
erals, which  constitute  from  1  to  3  \)qv  cent  of  the  vein  filling,  are 
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pyrite,  with  chalcopyrite,  galena,  and  soiuo  sphalerite.  The  values 
contained  are  essentially  in  gold,  with  some  silver  and  copper. 

Helen  S.  group. — The  claims  belonging  to  the  Helen  S.  group  are 
situated  2J  miles  northwest  of  the  Hattie  group  on  the  northwest 
end  of  the  island.  The  claims  were  located  by  the  Olympic  Mining 
Company  in  1902,  and  active  developments  were  advanced  in  1903 
and  to  some  extent  in  1904.  In  1905  and  1906  the  property  was  idle, 
and  not  until  the  summer  of  1907  was  it  reported  that  small  develop- 
ments had  again  begun.  A  20-stamp  mill  and  compressor  plant  have 
been  erected  on  the  property,  but,  except  a  small  run  for  test  purposes, 
this  machinery  has  remained  idle.  At  a  point  600  feet  from  tide 
water  a  shaft  100  feet  deep  has  been  sunk,  and  at  this  level  050 
feet  of  drifting  and  crosscutting  has  been  extended ;  400  feet  to  the 
north  a  second  shaft  has  been  started. 

The  country  rock  exposed  along  the  shore  and  up  the  creek  bottom 
is  principally  greenstone  schist  with'  some  black  slate  bands  inter- 
stratified  striking  north  and  south  with  a  dip  of  70°  E.  Open  cuts 
have  exposed  several  quartz  veins  and  stringers  interbedded  and 
branching  in  various  directions  along  jointing  planes.  At  40  feet 
elevation  a  quartz  vein  4  feet  wide  containing  galena,  sphalerite,  and 
pyrite  crosses  the  creek  and  is  parallel  to  the  schist osity  of  the  in- 
closing greenstone.  Just  above  this,  at  an  altitude  of  50  feet,  is  a 
2- foot  vein  striking  N.  85°  E.,  at  right  angles  to  the  former,  and 
(lipping  80°  N.  It  has  been  developed  by  a  15-foot  shaft  and  open 
cut.  The  veins  of  this  system,  though  usually  small,  are  reported 
to  contain  higher  values  than  those  that  parallel  the  structure  of  the 
inclosing  rocks.  The  principal  deposit  on  wiiich  the  shaft  has  been 
sunk  and  the  drifts  extended  consists  of  a  minerali/.ed  belt  of  schist 
striking  north  and -south  and  dipping  50°  E.  and  intersected  across 
a  width  of  5  to  15  feet  by  a  network  of  quartz  and  calcite  stringers, 
in  places  having  a  banded  flinty  character.  This  has  been  traced 
several  hundred  feet  in  length,  and  the  included  rock  as  well  as  the 
stringers  contain  pyrite  with  some  galena  and  sphalerite  in  small 
masses  and  disseminated  particles  varying  from  2  to  4  per  cent  in 
amount.  The  gold  values  are  combined  principally  with  the  pyrite, 
and  the  tests  made  yielded  but  a  small  per  cent  of  free-milling  gold, 
most  of  the  values  being  contained  in  the  concentrates. 

nOROXKOI-^KI    ISLAND. 

(iencraJ  description. — Woronkofski  Island  occupies  an  area  of 
about  *J5  scjuare  miles  in  Stikine  Strait  and  lies  just  west  of  the  town 
of  Wrangell.  It  is  heavily  timbered  to  its  mountain  suniniits,  which 
reach  1,500  feet  in  altitude.  The  rock  exposures  around  its  northern 
and  eastern  shore  are  argillites  and  schists.  To  the  soutlnvest  these 
are  intruded  by  a  wide  nniss  of  granite,  which  occupies  the  western 
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portion   of  the   island.     The   ore   occurrence   on   this    island    is   of 
interest  because  the  deposits  are  included  in  the  granite  intrusive. 

Elephant  Nose  prospects. — ^The  principal  prospects  in  the  vicinity 
of  Elephant  Nose  are  the  Exchange  group  of  several  claims  located 
in  1900.  The  mine  workings  are  located  near  tide  water  in  a  cove 
just  west  of  Elephant  Nose.  Here  a  quartz  vein  12  to  15  feet  wide 
is  exposed  by  surface  cuts  and  is  undercut  25  feet  in  depth  by  a 
tunnel  45  feet  long.  This  vein  deposit  crosscuts  the  granite  striking 
north  and  south  and  dipping  30°  W.,  and  includes  small  masses  of 
the  granite.  The  minerals  contained  are  essentially  pyrite  and  the 
vein  is  said  to  carry  moderate  values  in  gold. 

8MEAT0:V   BAY   PROSPECTS. 

The  prospects  near  Smeaton  Bay  are  located  on  the  mainland  shore 
2  miles  south  of  Roe  Point  in  Behm  Canal.  The  mineral  deposits 
at  this  point  are  situated  within  the  metamorphosed  schist-gneiss 
t)elt  which  flanks  the  Coast  Range  granite  on  the  west  and  strikes 
ordinarily  parallel  to  the  shore  line  and  dips  at  steep  angles  north- 
east or  southwest.  In  the  vicinity  of  this  claim  calc-mica  schist  and 
quartz-mica  schist  predominate,  while  farther  north  typical  gneiss 
occurs.  Dikes  and  bosses  of  granite  intrude  the  complex  at  many 
points  and  are  of  the  general  Coast  Range  type  of  granodiorite. 
Two  hundred  paces  south  of  the  tunnel  two  such  dikes  of  granodiorite 
10  and  20  feet  wide  invade  the  schists  and  may  bear  a  possible  genetic 
relation  to  the  ore  body.  The  ore  body  consists  of  a  mineralized  belt 
or  bands  of  calc-mica  schist  and  is  characterized  by  a  well-marked 
slipping  plane  with  gouge  above  its  foot  wall.  The  sulphide  ore 
consists  of  pyrite,  pyrrhotite,  and  chalcopyrite  and  is  said  to  carry 
low  values  in  gold  and  silver.  Quartz,  nmscovite,  and  calcite 
constitute  the  gangue  and  are  often  stained  brown  and  red  by  fer- 
ruginous weathering  products.  The  claim  is  well  located  in  respect 
to  timber  and  transportation,  and,  although  the  values  are  not  suffi- 
ciently high  to  warrant  predictions  of  future  production,  the  location 
near  the  Coast  Range  contact  is  unique  for  this  region.  This  deposit 
was  discovered  in  1898  and  has  thus  far  been  developed  by  100  feet 
of  tunneling  and  crosscutting,  the  mouth  of  the  tunnel  being  located 
alK)ut  10  feet  above  the  high-tide  water  mark.  Only  the  annual 
a.ssessment  work  has  been  done. 

VXIIK  RHEB  PROSPErrS. 

Unuk  River,  one  of  the  few  large  streams  in  southeastern  Alaska, 
is  very  difficult  to  navigate  even  in  a  small  boat.  It  risc»s  about  55 
miles  from  the  head  of  Burroughs  Bay,  in  Behm  Canal,  and  traverses 
the  entire  granite  portion  of  the  eastern  Coast  Range.  A  low  divide 
connects  its  head  with  a  branch  of  Iskut  River  and  thus  serves  as  an 
east  entrance  way  into  the  interior  of  British  Co\um\n\\.    'Y\\v>  \\v\w\ 
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25  or  ;^0  miles  of  the  river  drain  the  schist-argillite  belt  lying  east  of 
the  Coast  Range  granite,  which  is  characterized  along  its  entire  extent 
from  British  Columbia  to  the  Skagway  district  by  good  silver  and 
gold  bearing  veins.  At  the  head  of  Portland  Canal,  on  several  of 
the  Stikine  River  tributaries,  especially  Clearwater  River,  in  the 
Atlin  district  and  still  farther  north,  this  belt  is  known  to  carry 
both  placer  deposits  and  quartz  ore  bodies.  It  has  long  been  known 
that  similar  deposits  occur  in  the  Unuk  River  region,  and  recently 
a  company  began  the  construction  of  a  wagon  road  from  salt  water 
along  the  northwest  bank  of  Unuk  River  to  a  group  of  claims  42 
miles  inland  across  the  boundary  in  British  Columbia  territory. 
Both  placer  and  quartz  claims  have  been  located  and  will  probably 
become  ore  producers  as  development  proceeds.     Now  that  acce-s  lo 


L*l. — Sketcli  niai)  showing  positions  of  prospects  on  Unuk  River  and  near  the  Inter- 
national boundary  lino. 

tlie  region  has  been  made  j)ossible  by  the  road,  it  is  to  be  expected 
lliat  (lurin*?  the  coming  season  many  pros[)ect<)rs  will  avail  themselves 
(^f  the  opportunity  to  visit  it  and  give  it  a  thorough  test.  This  field 
is  not  described  in  detail,  because  its  mineralized  belt,  like  that  lying 
inland  from  the  head,  of  Portland  Canal,  a[)pears  to  be  entirely  on 
the  Canadian  side  of  the  boundary  (see  PI.  II  and  lig.  *21).« 

SILVER,  LEAD.  AND  ZINC   MINES. 
(GENERAL   I>ESrRlI»TIO\. 

Deposits  of  silver,  lead,  and  zinc  ores  are  not  plentiful  in  either 
the  Ketchikan  or  the  Wrangell  districts.  In  only  three  localities  are 
such  being  developed,  and  the  ore  production   fiom  these  has  been 


"  Wrijrlit,  l'\  I'].,  I'nuk  Rivrr  district  :    Summary  Rept.  Canadian  (I 
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slight.  Silver  occurs  in  its  sulphide  form,  usually  associated  with 
galena,  and  many  specimens  assay  from  16  to  20  ounces  per  ton  in 
silver.*"  It  is  also  present  in  amounts  varying  from  one-fifth  ounce 
to  3  ounces  per  ton  in  the  copper  ores.  The  total  production  of 
silver  in  1906  from  these  ores  was  $18,000.  In  the  gold  ores  its  con- 
tent is  more  variable  and  is  dependent  upon  the  amount  of  gold  pres- 
ent, the  ratio  being  approximately  2  ounces  of  silver  to  1  ounce  of 
gold.  Lead  occurs  entirely  in  the  form  of  galena  and  has  been  mined 
in  small  quantities  from  the  properties  on  Coronation  Island  and  the 
Moonshine  property  in  Cholmondeley  Sound.  It  is  also  present  in 
the  gold  ores  and  rarely  in  the  copper  ores,  but  in  such  ores  the  lead 
content  is  of  no  value.  Zinc  is  not  known  to  occur  in  this  region  in 
commercially  valuable  amounts,  and,  though  present  to  the  amount  of 
5  to  10  per  cent  in  some  of  the  ores,  its  content  is  in  most  cases  a  detri- 
ment as  it  renders  smelter  treatment  more  difficult. 

80VTH   ARM   0¥   CHOLMONDELEY   SOUND. 

MOONSHINE   GROUP. 

Situation  and  development, — This  property  includes  several  claims 
and  lies  west  of  the  South  Arm  of  Cholmondeley  Soimd,  about  1^ 
miles  from  tide  water  on  the  crest  of  the  mountain  ridge,  at  an  eleva- 
tion l)etween  2,000  feet  and  2,400  feet  (see  fig.  16).  In  1906  these 
claims  were  located  as  the  Moonshine  group,  and  early  in  the  spring 
were  sold  to  the  Alaska  ^Galena  Company.  Developments  were  begun 
l>y  this  company  in  August,  1906,  and  in  November  were  suspended 
for  the  winter.  During  1907  operations  were  in  progress  from  May 
until  November. 

The  ore  body  has  been  developed  by  a  shaft  on  the  crest  of  the  ridge 
100  feet  deep,  and  550  feet  to  the  west  by  a  drift  tunnel  200  feet  in 
length,  which  is  being  driven  to  connect  with  the  shaft  at  a  point  225 
feet  below  the  surface.  Besides  the  mine  development  considerable 
work  has  been  expended  on  a  horse  trail  from  the  beach  to  the  mine,  a 
distance  of  2  miles. 

Ore  body. — The  Moonshine  vein,  as  it  is  called,  occupies  a  well- 
defined  fissure,  cutting  obliquely  across  limestone  and  schist  country 
rock  and  traversing  the  top  of  the  mountain  ridge.  Where  it  cross- 
cuts the  limestone  it  is  apparently  a  replacement  deposit,  varying 
from  a  few  inches  to  several  feet  in  width  and  carrying  considerable 
galena  associated  with  quartz,  siderite,  and  calcite,  though  where  the 
schist  forms  the  inclosing  walls  the  vein  is  smaller  and  is  in  many 
places  represented  by  a  narrow  gouge  seam.  The  country  rock  strikes 
nearly  east  and  west  and  dips  north  at  steep  angles,  whereas  the 
vein  strikes  N.  65®  W.  and  has  a  vertical  dip.  In  this  vein  de))osit 
the  mineral  occurs* irregularly,  the  ore  l>eing  found  in  small  scattered 

•  See  p.  88. 
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masses  or  bunches.  Besides  the  galena  a  small  amomit  of  sphalerite 
and  chalcopyrite  is  present,  and  silver  values  amounting  to  many 
ounces  j^er  ton  occur  in  the  ore.  Very  little  surface  alteration  or 
secondary  enrichment  was  observed,  and  where  present  it  extends  but 
a  few  feet  in  depth.  Diabase  dikes  from  1  foot  to  6  feet  in  wiiMi 
crosscut  both  the  country  rock  and  the  ore  body. 

GBOUNDHOG  AND  GLACIER  BASIK8. 

General  description. — These  groups  of  claims  are  located  on  the 
mainland  about  14  miles  due  west  of  Wrangell  and  are  reached  by 
trails  starting  from  Eastern  Passage  and  leading  around  Mill  Lake, 
which  occupies  a  basin  3  miles  long,  to  Groundhog  and  Glacier  basins, 
about  8  miles  from  tide  water  (see  PI.  Ill  and  fig.  22).     The  ore 
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Sketch  map  showing  location  of  (Jroundhog  Hasin  aiui  (Ilacier  Hasin  prospects. 


bodies  occur  in  a  slate-schist  belt,  which  is  included  l)etwcen  the  main 
Coast  Range  granite  mass  and  an  outlying  granite  belt  averaging  1  to 
3  miles  in  width  and  is  intrusive  approximately  parallel  to  the  bed- 
ding planes  of  the  adjacent  rocks.  The  total  thickness  of  the  included 
slate-schist  belt  is  about  0,000  feet.  Its  X.  :i5°  AV.  course  is  indicated 
on  the  general  map,  the  dip  varying  from  »U)''  to  <)()  XPl,  into  the 
mountains.  The  entire  belt  is  considerably  mineralized  and  may  be 
recognized  by  its  red  color,  which  is  due  to  the  oxidation  of  the 
sulphide  minerals.  This  l>elt  is  penetrated  by  [)arallel  and  cross- 
cutting  acidic  por})hyry  and  aplitic  dikes,  along  which  the  ore  deposits 
are  usually  found.  These  dikes  are  younger  than  the  <ri*nnite  jmkI 
older  than  the  basaltic  dikes  that  occur  here.     Xear  the  Coast  Ranw 
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granite  contact  the  metamorphisni  of  the  schists  is  more  intense  than 
fac^ier  west,  and  at  these  points  gneissoid  rocks  prevail.  The  degree 
of  miBeralization,  however,  is  greater,  and  the  aplitic  and  porphy?y 
dikes  are  more  numerous  nearer  the  western  intrusive  granite.  Mii^ 
claims  which  have  been  located  in  this  belt  are  mostly  above  tiiialwr 
line  and  not  easily  accessible  at  present,  as  transportation  facilities 
21  re  lacking. 

Gl^icier*  Basin  group. — Glacier  Basin,  a  rock-rimmed  basin  pro- 
duced by  glacial  erosion  (fig.  22),  standing  2,100  feet  above  sea 
level,  is  reached  by  a  trail  7  miles  in  length  from  Mill  Lake.  At  the 
hend  of  the  basin  Nelson  Glacier  still  exists  as  evidence  of  the  former 
ice  sheet  and  is  slowly  retreating  up  the  mountain  cliffs.  The  chiims 
of  this  group  are  located  on  the  north  side  of  the  basin  within  the 
slate-schist  belt  and  have  been  developed  chiefly  by  two  short  drift 
tunnels  and  surface  cuts.  The  rocks  are  practically  bare,  and  the 
veins  can  be  traced  directly  up  the  mountain  slopes  for  long  distances, 
varying  from  4  to  20  feet  in  width,  occurring  unusually  near  or  in  the 
intrusive  aplitic  or  porphyry  dikes.  The  veins  are  heavily  mineral- 
ized with  galena,  zinc  blende,  pyrite,  and  chalcopyrite.  The  values 
are  in  gold  and  silver  and  are  only  of  fair  average.  The  transporta- 
tion difficulties  are  at  present  a  very  important  drawback  to  these 
claims  from  a  mining  standpoint. 

Georgia  group. — The  (leorgia  group  of  two  claims  is  located  on  the 
south  side  of  Glacier  Basin  on  a  vein  parallel  to  the  schistosity  of  the 
inclosing  rock  and  similar  in  character  to  the  Glacier  Basin  deposits 
though  not  so  large.  The  developments  on  this  group  have  been  very 
slight. 

Gromulhog  Basin  group. — This  property  is  located  northwest  of 
Glacier  Basin  in  the  same  mineral  belt  and  is  reached  by  trail  from 
Mill  Lake  about  4  miles  in  length  (see  fig.  22).  The  actual  work- 
ings are  located  at  2,100  feet  elevation  on  the  north  side  of  a  steep 
gulch  tributary  to  the  main  valley,  at  which  point  they  can  be  ob- 
served at  the  contacts  of  the  intrusive  porphyry  dikes  in  the  slate- 
schist  belt.  Surface  oxidation  has  colored  the  veins  dark  red,  so  that 
they  are  visible  from  long  distances  and  can  be  easily  traced.  At 
the  Groundhog  Basin  group  the  vein  is  0  feet  and  more  in  width,  be- 
ing heavily  mineralized  with  galena,  zinc  blende,  and  pyrite.  It  has 
been  exploited  by  two  open  cuts  and  short  tunnels.  The  assay  values 
are  reported  to  be  of  only  fair  average.  The  persistence  of  these 
veins  along  the  strike  argues  well  for  their  continuation  in  depth. 

Margery  group. — The  Margery  group  is  located  at  an  elevation  of 
1,500  feet  on  the  west  slope  of  the  mountain  spur  which  separates 
Glacier  Basin  and  Groundhog  Basin  valleys  and  is  more  favorably 
situated  for  mining  than  most  of  the  properties  in  this  area  (see 
fig.  22),    At  one  point  is  a  lode  deposit  consisting  of  quartz  stru\^ev^. 
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1  foot  to  5  feet  wide  follovviiig  a  definite  zone  parallel  to  the  inclosing 
.schist  and  near  the  contact  of  a  large  intrusive  granite  mass.  Sevei-al 
open  cuts  and  short  tunnels  expose  this  lode  along  its  strike.  To  tlie 
northeast  of  this  on  the  same  claim  is  an  open  cut  exposing  a  12- foot 
vein  rich  in  galena  and  similar  in  character  to  the  other  veins  in  this 
area.  Mineralization  is  usually  heavy,  especially  in  galena,  besides 
which  sphalerite,  chalcopyrite,  native  silver,  cerusite,  and  linionite 
occur  in  varying  amounts.  The  values  are  reported  good,  especially 
in  silver. 

COKUNATION  IKLAND  PROKPKCTA. 

•  General  description, — Coronation  Island,  which  includes  an  area 
of  30  square  miles,  is  one  of  the  seaward  islands  which  lies  at  the  en- 
trance" to  Sumner  Strait  35  miles  southwest  of  Shakan.  (leograph- 
ically  it  is  made  up  of  Paleozoic  limestone  and  schist,  which  are  in- 
truded by  a  granite  mass  (see  PI.  I).  Discoveries  of  galena  on  this 
island  were  made  in  1900  by  sailors  who  were  driven  into  Egg  Har- 
bor, on  the  northwest  end,  by  a  storm.  These  men  found  galena 
float  on  the  west  shore  of  the  harbor  and  at  points  from  700  to  1,(KX) 
feet  elevation  deposits  of  the  ore  in  place.  They  prospected  these*  to 
some  extent  and  in  1902  the  Coronation  Island  Mining  Company  w  as 
formed,  which  has  continued  operations  in  a  small  w-ay  since  that 
time.  Three  tunnels  have  been  driven  on  three  separate  ore  bodies: 
No.  1  at  980  feet  elevation  and  1G2  feet  hmg;  No.  L>  at  S(>0  feet  eleva- 
tion and  510  feet  in  length:  No.  3 Hit  700  feet  elevation  and  110  feet 
long.  Over  100  tons  of  the  ore  have  been  mined,  sacked,  and  shipped 
to  the  smelter  from  this  locality. 

Ore  Ixnlies. — The  ore  deposits  are  narrow,  irregular  masses  of 
galena  ore  in  a  limestone  country  rock,  and  few  (»xceed  i20  feet  in 
their  greatest  dimension,  but  at  the  lowest  tunnel  an  irregular  vein 
deposit  containing  small  pockets  of  galena  ore  is  ex[K)sed.  At  tunnel 
No.  1  the  ore  body,  which  is  exposed  at  the  entrance,  is  S  feet 
wide,  8  feet  by  VI  feet  in  length,  and  about  18  feet  in  depth,  the  con- 
tinuation of  the  tunnel  exposing  i)ractically  no  ore.  No.  2  tunnel 
has  been  driven  along  slipj)ing  planes  in  the  limestone  having  a  gen- 
eral N.  80""  W.  strike  with  nearly  vertical  dip.  At  a  point  2J)()  feet 
from  its  mouth  there  is  a  short  crosscut  to  the  north,  from  which  a 
10-foot  raise  has  been  extended  along  a  galena  Ixuly  o  feet  widt»  by 
15  tWt  in  length  and  depth,  following  along  one  of  the  slipping 
planes.  Just  l)eyond  this  ])oint  a  second  crosscut  has  been  driven, 
in  which  an  altered  diabase  dike  5  feet  in  width  was  observed  follow- 
ing the  same  trend  of  the  slipping  })lanes,  but  having  no  apparent 
connection  with  the  ore  deposits.  The  ore  body  shown  in  tlu»  lowest 
or  No.  3  tunnel  varies  from  1  foot  to  4  feet  in  wi(hli  and  has  been 
followed  for  100  feet  in  length.     Here  the  hanging  \\all  is  well  de- 


BUILDIN(}   STONES.  191 

fined  by  a  slipping  plane,  but  the  foot  wall  often  mei^jes  into  the 
limestone  country  rock  and  is  but  poorly  defined.  The  ore  occurs 
in  small  scattered  pockets,  the  largest  having  been  opened  by  a  raise 
GO  feet  from  the  tunnel  entrance.  Besides  galena  the  sulphides, 
tetrahedrite  and  sphalerite  are  present  in  the  ores,  and  near  the 
surface  limonite,  cerusite,  and  smithsonite  were  noted. 

BUIL.JD1NG  HTOITES. 

GENERAL  STATEMENT. 

The  recent  developments  and  increasing  production  from  marble 
<iuarries  on  Prince  of  AVales  Island  have  shown  that  building  stone 
is  an  important  resource  of  this  region.  Other  structural  materials, 
such  as  granite,  gypsum,  cement,  and  clay  deposits,  are  also  widely 
distributed  along  this  coast.  Little  consideration  has  been  given  to 
these  nonmetallic  products  of  this  Territory,  and  the  increasing  use 
of  such  materials  in  the  United  States  demands  a  more  thorougli  in- 
vestigation of  these  resources.  Though  distant  from  the  market, 
many  large  deposits  of  structural  material  are  well  located  for 
quarrying  and  for  transportation  by  water. 

The  only  stones  of  value  in  southeastern  Alaska,  so  far  as  known, 
are  the  marbles  and  granites.  The  market  for  these  stones  is  in  the 
cities  along  the  Pacific  coast  of  the  United  States,  (500  to  1,000  miles 
distant.  They  must,  therefore,  be  of  more  than  ordinary  quality 
to  bear  the  expense  of  freight,  as  good  stone  is  found  in  the  vicintiy 
of  most  large  cities,  and  builders,  as  a  rule,  prefer  to  use  a  known 
rock  which  is  near  at  hand  and  can  be  readily  obtained. 

To  place  the  Alaskan  product  on  the  market,  it  will  be  necessary 
to  establish  supply  stations,  with  dressing  and  cutting  plants,  in  the 
larger  seaboard  cities,  where  cheaper  and  more  efficient  labor  may  be 
obtained  than  in  Alaska.  To  supply  these  points,  the  rough  granite 
and  marble  could  be  transported  in  hulks  or  barges  carrying  several 
thousand  tons  at  a  low  freight  rate,  and  the  necessity  of  careful 
handling  during  the  shipment  would  Ix^  avoided. 

To  determine  the  structural  value  of  a  building  stone,  microscopical, 
chemical,  and  physical  tests  should  be  made.  This  is  more  necessary 
for  marbles  and  cement  stone  than  for  gi-anite.  Most  university 
laboratories  are  equipped  for  such  tests  and  will  make  them  at  a 
i-easonable  cost. 

MARBLE. 
DISTRmiiTION. 

Beds  of  marble  are  known  to  occur  at  points  along  the  mainland 
portion  of  the  Ketchikan  and  W^'rangell  districts  as  well  as  on  many 
of  the  islands.    They  are  invariably  at  or  near  the  contact  of  ww  *v\v 
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trusive  belt  of  granodiorite,  which  has  been  one  of  the  principal 
factors  in  metamorphosing  the  original  limestone  beds  to  their  present 
crystalline  or  marbleized  condition.  The  age  of  the  limestone  beds 
is  Paleozoic,  and  only  in  a  few  places  could  a  more  definite  determina- 
tion be  made.  The  largest  deposits  of  marble  under  development 
are  at  the  northwest  end  of  Prince  of  AVales  Island  near  Shakan  and 
on  Ham  Island  south  of  AVrangell. 

NECESSARY   QUALITIFIS. 

Commercially  marble  includes  all  limestone  rocks  susceptible  of 
receiving  a  good  polish  and  suitable  for  ornamental  work.  It  is  not 
a  simple  yiatter  to  judge  the  value  of  a  marble  deposit,  and  this  can 
not  be  done  from  mere  tests  of  small  samples,  which,  nevei^theless. 
may  often  give  significant  results.  Some  of  the  more  important 
factors  governing  the  value  of  a  body  of  marble  are  the  quality  and 
soundness  of  the  stone  as  a  whole,  extent  of  the  deposit,  absence  of 
fractures  or  joint  planes,  color,  lack  of  objectionable  impurities,  such 
as  silica,  pyrite,  and  bitumen,  facility  of  extraction,  and  location  of 
the  deposit  relative  to  the  market  and  transportation. 

COMPETITIVE  DISTRICTS. 

Most  of  the  marble  used  in  the  western  cities  for  monumental  and 
interior  decorative  puri)Oses  is  furnished  by  eastern  dealers  and  must 
be  shipped  across  tlie  continent.  This  is  mainly  the  product  of  the 
Vermont  and. Tennessee  quarries  or  is  imported  from  Italy.  Stevens 
C\)niity  is  the  only  producing  locality  in  the  State  of  Washington; 
there  are  none  in  Oregon,  and  but  tw^o  of  importance,  the  Inyo  and 
Columbia  quarries,  in  California.  The  total  value  of  the  marl)l(»  pro- 
duction for  1005  from  these  localities  was  less  than  $1.*)(),000.  This 
produx't  is  sold  in  a  rough  state  at  $1  to  $2  [)er  cubic  foot,  and  dressed 
for  (U'liamental  or  monumental  purposes  at  $*J  to  $S  ])er  cubic  foot. 
Cut  in  slabs  1  inch  to  2  inches  thick  and  polished  on  one  side,  the 
retail  price  varied  from  $0.50  to  $1.50  per  square  foot.  The  eastern 
and  foreign  marbles  sold  for  higher  prices. 

DKSCKII'TION    OF    LOCAI^ITIKS    {)V    (K(  IHKKNC  K. 

I'KIMK   OK   WALKS   ISLAM). 

ALASKA     MAUm.K    COMPANY. 

Situation  and  dcrelopmcnt. — The  propeities  of  the  Alaska  Marble 
Company  are  situated  on  Marble  Creek  a  few  miles  north  of  Shakan, 
bordering  the  coast  for  2  miles  in  length  and  over  half  a  mile  in 
width  (see  Hg.  23).    They  are  located  upon  a  belt  of  Devonian  lime- 
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stone  about  3,000  feet  in  width  flanking  the  west  side  of  an  intrusive 
granite  mass,  which  forms  the  low  mountain  ridge  to  the  east  and 
which  is  evidently  the  direct  cause  of  the  alteration  of  the  limestone 
to  marble.  This  deposit  was  first  discovered  in  1896  and  finally 
located  in  1905,  the  first  work  being  done  along  the  exposures  in  the 
ci-eek  bed  one-half  mile  from  the  shore.  From  1000  to  1904  prospect- 
ing was  extended  up  the  hillsides  and  drill  holes  sunk  to  ascertain  the 
quality  of  the  product  in  depth.  Early  in  1904  the  Alaska  Marble 
Company  was  incorporated  and  developments  on  a  large  scale  were 


Fig.  23. — Sketch  map  showing  marble  quarry  and  locations  of  Alaska  Marble  Company. 

immediately  begun.  At  present  the  plant  consists  of  a  wharf 
equipped  with  derricks,  a  gravity  railroad  to  the  (juarry  3,200  feet  in 
length,  necessary  channeling  and  gadding  machines,  and  various 
buildings.  At  the  quarry,  located  on  the  south  side  of  Marble  Creek 
at  an  elevation  of  100  feet,  an  area  100  feet  In'  200  feet  has  been 
stripped  and  quarried  to  an  average  depth  of  W  feet  measured  on  the 
mountain  side  (PL  XII,  ^1).  A  test  shipment  of  100  tons  was  made 
in  1902,  but  actual  production  did  not  begin  until  early  in  1906.    The 
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marble  is  now  being  placed  on  the  market  in  the  cities  along  the  Pa- 
cific coast.  The  manufacturing  plant  of  the  company  is  located  at 
Tacoma,  Wash. 

The  marble  deposit, — The  extent  of  the  marble  deposit  at  this  local- 
ity has  been  investigated  at  a  number  of  points  on  the  surface  by  open 
cuts  and  trenches  and  in  depth  by  18  drill  holes  and  at  all  of  these 
places  marble  usually  of  good  quality  is  exposed.  As  above  noted, 
the  marble  belt  is  approximately  3,000  feet  in  width  striking  in  a 
northwesterly  direction  and  dipping  to  the  southwest.  It  is  limited 
on  the  northeast  by  an  intrusive  granite  mass  and  on  the  southwest 
by  the  shore  line.  To  the  south  it  crosses  the  entrance  to  Dry  Pass, 
but  just  back  of  Shakan  it  is  cut  off  by  a  granite  mass,  while  to  the 
northwest  it  extends  into  the  channel  and  reappears  at  the  entrance 
to  Calder  Bay,  extending  northward  and  overlying  beds  of  con- 
glomerate. Along  the  shore  exposures  and  at  the  quarry  small  dikes 
of  diabase,  striking  northeasterly  and  much  altered  and  faulted,  were 
observed  intersecting  the  marble  beds.  Apparently  these  dikes  ante- 
date the  metamorphism  of  the  limestone  and  therefore  the  intrusion 
of  the  granite.  They  are,  however,  but  a  foot  or  two  in  width  and 
not  sufficiently  numerous  to  affect  the  value  or  expense  of  quarrying 
the  marble.  In  the  present  opening  at  the  quarry  only  one  dike  is 
exposed.  Both  surface  cracks  and  slipping  planes  are  present  in  the 
surface  exposures  of  the  marble,  but  in  depth  these  are  less  numerous 
and  will  not  materially  interfere  with  quarrying  (see  PI.  XII,  B), 
'  Three  distinct  varieties  of  marble  are  found — pure  white,  blue- 
veined  with  white  background,  and  light  blue,  often  liaving  a  mottled 
appearance.  The  pure  white,  which  has  a  finely  crystalline  texture, 
is  the  most  valuable.  All  of  the  marble  is  free  from  silica  and  flint 
beds  common  in  most  quarries,  and  though  thin  seams  of  pyrite  were 
observed  they  do  not  occur  in  a  quantity  detrimental  to  the  stone. 
The  following  chemical  analysis  of  the  white  marble  was  made  by 
E.  F.  Lass  for  the  Alaska  Marble  Company: 

('hcmiidl  (inalifsis  of  irfiiic  umrhU  front  MdihU    Crcrk,  rrincr  of  Wales  Island, 

Alaska. 

Insohihle   inattcr 0 

Oxide  of  iron    (F(M):,  ) Slij^ht  tniec. 

Siilplinric  anhydride'    (S();)__    _  Trace. 

Lime    (CaO) .      -^        -  .V).  .59 

Maj^nesia    (M^'O).   -  .30 

Carbon  dioxido   (dh) -                  4:5. 07 

rndtMcnuiiUMl -       _        .  .44 


Total   -..    1(H).()0 

Calciiiiii  carbonate    (CaCX);) ___       1)0.26 
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A.     MARBLE  BLOCKS  READY  FOR  SHIPMENT.  QUARRIED  FROM  MARBLE  CREEK  DEPOSITS. 


Jf.     MARBLE  QUARRY  WORKINGS  OF  THE  ALASKA  MARBLE  COMPANY.   3  MiLES  NORTH  OF 
SHAKAN.   ON  PRINCE  OF  WALES  ISLAND. 
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A  qualitative  test  for  magnesia  in  a  sample  collected  by  the  writers 
was  made  by  Dr.  George  Steiger,  of  the  United  States  Geological 
Survey,  who  reports  a  content  of  less  than  1  per  cent. 

To  determine  the  crushing  strength  of  the  stone  the  Alaska  Marble 
Company  submitted  samples  to  X.  H.  Winchell,  State  geologist  of 
Minnesota,  who  reports  an  average  strength  of  10,521  pounds  per 
square  inch,  a  strength  ample  for  all  building  purposes.  Though 
not  equal  to  the  best  Italian  grades,  this  marble  is  better  than  most 
American  marbles,  and  in  the  market  will  com^^ete  on  at  least  equal 
terms  with  the  product  of  Vermont,  Georgia,  and  Tennessee. 

Method  of  quarrying, — At  the  quarry  it  was  first  necessary  to 
remove  the  uppermost  layers  of  the  more  or  less  fractured  marble. 
This  was  done  by  channeling  machines,  a  method  which  is  preferable 
to  blasting,  as  it  does  not  injure  the  massive  rock  in  depth.  The 
machine  used  is  mounted  with  "  donkey  "  engine  on  a  truck  and  cuts 
a  channel  2  inches  in  width  at  a  rate  of  7  to  8  square  feet  per  hour. 
These  channels  are  extended  to  a  depth  of  4  feet  and  are  made  at 
intervals  of  4  or  6  feet  in  one  direction  and  at  intervals  of  0  feet  at 
right  angles  so  as  to  form  bloc*ks  4  to  6  feet  by  6  feet  in  surface  area 
and  4  feet  in  depth.  These  blocks  are  undercut  by  gadding  machines, 
in  which  a  drill  is  set  so  as  to  drill  a  series  of  holes  under  the  block, 
and  in  these  holes  wedges  are  driven  and  the  block  is  freed  from  its 
base.  It  is  then  lifted  by  a  derrick  to  the  car  on  which  it  is  carried  to 
the  wharf.  The  blocks  contain  from  90  to  144  cubic  feet  of  marble 
and  weigh  from  7i  to  11  tons  each,  the  dimensions  depending  on  the 
handling  capacity  of  the  machinery  (PI.  XII,  .1).  The  larger  part 
of  the  marble  product  is  shipped  in  the  rough  state  to  a  sawing  and 
polishing  plant  at  Tacoma,  where  it  is  prepared  for  the  market. 
Small  shipments  have  also  been  made  to  Chicago,  Milwaukee,  St. 
Louis,  Cincinnati,  and  other  points  for  trial  tests. 

KL   CAPITAN    MARBLE     COMPANY. 

The  property  of  the  El  Capitan  Marble  Company  is  situated  on  the 
eastern  side  of  a  low  mountain  range  5  miles  due  east  of  the  Alaska 
Marble  Company's  quarry  and  on  the  north  side  of  Dry  Pass.  These 
locations,  including  ten  claims,  were  first  made  in  1001  and  were  sold 
to  the  El  Capitan  Marble  Company  in  1008.  Except  for  a  small 
amount  of  assessment  work,  operations  were  not  begun  until  April, 
1904.  During  that  year  a  (juarry  consisting  of  a  pit  12  feet  deep  was 
opened  on  a  marble  deposit  close  to  tide  water,  a  channeling  and  gad- 
ding machine  was  installed,  and  a  cutting  plant  operated  by  steam 
power  was  erected.  .  Some  marble  was  (juarried  and  shipped  to 
Seattle  at  the  close  of  the  year,  but  since  that  time  operations  have 
been  suspended. 
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The  marble  deposit  flanks  the  eastern  side  of  the  granite  mass  rep- 
resented on  the  geologic  map,  and  from  its  relative  position  and  gen- 
eral character  is  similar  to  the  Marble  Creek  deposit  farther  west 
The  marble  belt  is  exposed  at  tide  water  and  forms  high  bluffs  at 
200  to  400  feet  elevation  one-fourth  mile  back  from  the  shore.  In 
these  bluffs  it  has  been  prospected  by  trenches  and  open  cuts.  Several 
diabase  dikes  crosscut  the  marble  beds.  The  dike.s  are  faulted  and 
show  in  many  places  several  feet  of  displacement,  though  this 
faulting  as  well  as  the  intrusion  of  the  dikes  probably  occurred  pre- 
vious to  the  metamorphism  of  the  original  limestone  beds,  as  no  trace 
of  the  fault  planes  could  be  seen,  and  the  dikes  themselvas  were  mucfc 
altered  and  sheared.  The  marble  as  exposed  in  the  quarry  is  not 
of  so  good  quality  as  that  from  the  Marble  Creek  property,  being  less 
firm  and  more  coarsely  crystalline.  Surface  cracks  and  fractun 
planes  are  present  in  the  surface  exposures,  but  in  the  bottom  of  th€ 
pit  these  features  are  less  pronounced. 

MARBLE    ISLAND. 

Marble  Island,  a  low  wooded  area  of  9  square  miles,  is  one  of  the 
larger  islands  in  Davidson  Inlet  and  lies  10  miles  due  south  of  Sha- 
kan,  though  by  water  it  is  nearly  30  miles  distant.  On  the  northwest 
side  of  this  island  marble  was  first  discovered  in  1899,  and  in  190? 
a  number  of  claims  were  located  over  this  portion  of  the  island  anc 
a  small  amount  of  stripping  was  done.  Samples  of  this  marble  wen 
quarried  for  test  purposes  and  several  varieties  of  good  qualit} 
obtained.  The  total  developments  have  not  exceeded  the  assessment 
requirements. 

The  marble  deposit  is  exposed  in  a  cove  on  the  northwest  side  oi 
the  island,  and  at  100  feet  elevation,  a  half  mile  from  the  shore,  it 
has  been  worked  by  an  open  cut.  A  considerable  area  is  underlair 
1)V  marble,  though  little  is  known  of  its  extent  oi*  value.  Along  the 
eastern  shore  of  the  island  an  area  of  granitic  intrusive  rock  waj 
noted. 

AMKUICAN    CORAL    MARBLK    COMTANY. 

General  (Jescnptlon. — The  propertit^s  of  tlu*  American  Coral  Marbh 
Company  are  located  at  two  localities — (1)  at  the  head  of  North  Arm 
where  twelve  claims  have  been  located  along  the  north  shore  of  th( 
Inlet,  and  (2)  at  the  north  entrance  to  Johnson  Inlet,  where  the  com 
pany  has  several  claims  extending  from  Dolonii  eastward  to  Clarena 
Strait  (see  PI.  I).  The  principal  developments  have  been  made  a1 
the  North  Arm  property,  and  at  this  point  a  post-oflice  named  Bald 
win  has  been  established.  xVctive  work  at  this  locality  began  in  1904 
and  the  marble  deposits  were  prospected  during  that  year.  In  190^ 
a  wharf  was  built,  machinery  installed,  aiul  buildings  erected  pre 
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paratory  to  quarrying  the  marble.  During  19(K),  however,  practi- 
cally no  work  was  done,  and  all  of  the  machinery  was  removed  Ln 
1907.  At  the  Dolomi  property  a  small  quarry  was  started  on  the 
hillside,  at  a  point  a  quarter  of  a  mile  northeast  of  Dolomi  post- 
office  and  a  few  hundred  feet  from  tide  water  on  the  Clarence  Strait 
side,  and  buildings  were  erected.  No  operations  were  in  progress  at 
these  localities  during  1907. 

Marble  deposits. — The  deposits  at  North  Arm  and  at  Dolomi  con- 
sist of  marble  beds  interstratified  with  chloritic  and  calcareous  schists, 
striking  northwest  with  steep  dips  usually  southwest.  The  surround- 
ing area  is  mantled  by  a  dense  growth  of  vegetation,  and  the  limits 
of  the  de]>osits  have  not  been  definitely  determined,  though  where 
the  marble  is  exposed  it  is  much  fractured,  variable  in  color  and  com- 
position, and  intersected  by  a  few  narrow  dikes  of  diabase.  The 
fracture  planes  were  probably  formed  principally  during  the  period 
of  tilting  and  folding  of  the  beds  and  existed  before  erosion  exposed 
the  present  surface  outcrops.  Since  that  time  weathering  has  accen- 
tuated and  to  some  extent  increased  the  number  of  fracture  planes, 
and  it  seems  probable,  however,  that  in  depth  these  planes,  although 
|X)tentially  present  as  lines  of  weakness,  will  become  less  numerous 
and  will  not  interfere  greatly  in  quarrying. 

Although  some  parts  of  the  deposits  consist  of  pure  white,  fine- 
grained marble  of  excellent  quality,  other  parts  are  poorly  colored, 
coarse-grained,  and  of  little  commercial  value,  and  it  will  probably 
he  difficult  to  obtain  large  quantities  of  uniform  grade.  The  better 
grade  is  reported  to  give  the  following  analysis :  Calcium  carbonate, 
04  per  cent;  alumina,  3.9  per  cent;  silica,  1.4  per  cent;  magnesia,  0.7 
per  cent.  Pyrite  is  also  present  in  small  amounts,  occurring  in  thin 
i-«ams  and  finely  disseminated  in  some  of  the  marble. 

BETILLACIIGEDO    ISLAND. 

A  well-defined  limestone  belt  traverses  the  eastern  portion  of  Re- 
villagigedo  Island  in  a  northwesterly  direction  and  is  exposed  in 
Thorne  Arm,  Carroll  Inlet,  and  George  Inlet  (see  PI.  II).  Its 
widest  development  is  on  the  north  side  of  George  Inlet,  near  the . 
head,  where  marble  claims  known  as  the  Bawden  group  were  located 
in  1904.  The  deposit  is  included  in  the  crystalline  schist  near  the 
contact  with  the  less-altered  slates  to  the  southwest.  The  marble 
beds  range  from  10  to  20  feet  in  width  and  are  separated  by  strata 
of  calcareous  schist.  Their  strike  is  northwest  and  their  dip  northeast. 
The  marble  is  exposed  in  cliffs  near  tide  water  and  is  of  good  quality, 
being  relatively  free  from  fracture  and  joint  cracks,  finely  crystalline, 
and  from  white  to  gray  in  color.  No  large  developments  have  been 
started  on  this  property. 


198      KETCHIKAN  AND   WRANGELL  MINING  DISTRICTS,  ALASKA. 

In  Carroll  Inlet,  to  the  southeast,  claims  have  also  been  located  on 
the  same  belt,  but  at  this  locality  the  deposit  is  not  so  extensive  as 
in  George  Inlet. 

HAM     ISLAND. 

Ham  Island  lies  at  the  junction  of  Blake  Channel  and  Bradfield 
Canal,  25  miles  southeast  of  Wrangell  (see  PL  III).  It  is  about  a 
mile  and  a  half  wide  and  consists  largelv  of  crystalline  limestones 
with  interstratified  beds  of  calcareous  schist  striking  N.  35*^  W.  and 
dipping  75°  NE.  Intrusive  dikes  of  basalt  are  common,  and  across 
the  narrow  channel  on  the  mainland  and  on  Wrangell  Island  wide 
belts  of  granite  intrude  the  limestone  and  schist  beds  and  have  prob- 
ably induced  the  present  crystalline  texture  in  the  limestone  and  thus 
formed  the  marble. 

Two  distinct  varieties  of  marble  are  found — one  fine  grained  and 
pure  white,  the  other  very  coarse  grained  and  pale  blue.  Several  sys- 
tems of  joint  planes  traverse  the  deposits,  but  the  joints  are  widely 
separated  and  will  not  interfere  greatly  in  quarrying.  Checks  or  sur- 
face cracks  are  practically  absent,  and  wide  areas  of  massive  marble 
have  been  found  directly  underneath  the  soil.  Much  of  the  marble 
appears  to  be  free  from  impurities. 

Two  groups  of  claims  have  been  located  on  this  island — ^the  Wood- 
bridge-Lowery  group  on  the  west  side  and  the  Miller  group  on  the 
east  side.  On  the  former  the  marble  quarried  is  principally  of  a 
white,  finely  crystalline  variety,  but  at  the  Miller  property  the 
deposit,  exposed  in  a  bluff  40  feet  high  and  100  feet  long,  is  of  a 
coarsely  crystalline  texture  and  a  bluish  color.  On  both  of  these 
properties  considerable  exploratory  work  has  been  done,  and  large 
blocks  of  the  marble  have  been  quarried,  and  from  these  tombstones 
and  small  blocks  have  l>een  chiseled  and  polished  for  local  use. 
The  properties  are  favorably  located  both  for  (jaarrying  and 
transportation. 

GRANITE. 
niSTKUUTION. 

The  granitic  intrusive  rocks  occupy  about  ono-half  of  the  aggregate 
land  area  of  the  Ketchikan  and  Wrangell  distiicts  (see  PI.  I).  In 
composition  they  range  from  granite  to  granodiorite  or  to  quartz  or 
hornblende  diorite.  The  core  of  the  Coast  Range,  as  well  as  the  cen- 
tral portion  of  many  of  the  islands,  is  composed  of  this  intrusive 
rock.  The  metamorphism  in  the  granite,  its  nonimifonnity  in  color, 
and  the  presence  of  joint  cracks,  so  far  as  olxserved,  make  most  of  the 
stone  undesirable  for  building  purposes.  ITowcver,  gianite  masses  of 
good  quality,  uniform  in  color,  and  favorably  located  for  purposes  of 
quarrying,  were  observed  along  the  mainland  up  Portland  Canal,  in 
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Kehm  Canal,  and  at  Thomas  Bay.  On  the  islands  numerous  granite 
stocks  occur,  portions  of  which  are  of  massive  and  uniform  texture, 
though  in  these  stocks  are  many  segregations  of  the  femic  minerals, 
and  pyrite  is  present  in  many  places,  rendering  the  rock  less  desirable 
for  building  purposes. 

CHARACTERISTICS." 

All  the  granite  masses  in  this  region  are  similar  in  composition, 
having  plagioclase  feldspar  as  an  essential  constituent.  Hornblende 
is  the  usual  dark  mineral,  though  biotite  mica  is  present  in  much 
of  the  rock  and  in  a  few  places  exceeds  in  amount  the  hornblende. 
Quartz  is  commonly  present,  though  usually  in  small  amounts.  The 
accessory  components  are  apatite,  titanite,  and  magnetite;  secondary 
minerals,  due  to  general  metamorphism,  are  sericite,  epidote,  zoisite, 
chlorite,  and  calcite.  Petrographically  much  of  the  rock  is  related 
more  closely  to  the  diorites  than  to  the  gi'anites  and  is  usually  re- 
ferred to  as  a  diorite. 

The  prevailing  color  is  light  gray,  and  in  only  a  few  places  were 
pink  or  reddish  masses  observed.  The  grains  of  the  component  min- 
erals are  ordinarily  of  medium  size,  not  varying  greatly  in  the  differ- 
ent localities.  Evidenc*e  of  the  durability  of  the  granite  is  afforded 
in  many  places  where  long  exposure  to  the  influence  of  weathering 
has  caused  little  or  no  disintegration  of  the  surface. 

MARKET. 

Xo  attempt  has  yet  been  made  to  quarry  or  even  investigate  tlie 
Alaskan  granite.  There  is  practically  no  market  in  Alaska  for  the 
stone,  and  along  the  Pacific  coast  to  the  south  the  demand  has  been 
supplied  by  the  quarries  in  the  States  of  Washington,  Oregon,  and 
California. 

The  long  haul  necessary  to  reach  the  market  appears  at  first  un- 
favorable to  granite  quarrying  along  this  portion  of  the  northw^est 
coast,  but  the  present  freight  rate  of  less  than  $3  per  ton  to  Puget 
Sound  is  not  greater  than  the  cost  of  transportation  from  some  of 
the  quarries  in  California  to  the  larger  cities.  The  cost  of  quarrying 
the  stone  is  estimated  at  40  cents  per  cubic  foot,  and  the  proportion 
of  marketable  rock  obtained  from  the  amount  quarried  is  about  GO 
per  cent. 

The  value  of  the  production  of  granite  from  the  States  along  the 
west  coast  amounted  to  nearly  $1,000,000  in  1905.  The  average  sell- 
ing price  per  cubic  foot  for  building  purposes  at  the  quarries  in 
the  coast  States  in  1906  was  as  follows:  Rough,  $0.85;  dressed,  $*2.85: 
for  curbing,  $1.  For  monumental  purposes  the  stone  sold  for  $1  to 
$2  per  cubic  foot  rough  and  for  $3  to  $G  per  cubic  foot  dressed. 

•The  characteristicH  of  the  granitic  intruslves  an»  descrVWd  Vn  dv\«tW  ou  vv-  '^^-^^^^• 
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The  prices  do  not  include  the  cost  of  transportation  from  the  quar- 
ries to  the  cities,  which  is  from  $0.50  to  $3  per  ton.  This  adds  from 
5  to  30  cents  to  the  cost  per  cubic  foot. 

CEMENT. 

There  are  several  kinds  of  cement,  the  principal  kinds  being  Port- 
land cement  and  natural  cement.     Portland  cement  is  produced  by 
burning  a  finely  ground  artificial  mixture  containing  essentially  lime, 
silica,  and   alumina  in  certain  definite  proportions.     Usually  this 
combination  is  made  by  mixing  limestone  or  marl  with  clay  or  shale, 
and  in  such  a  mixture  should  contain  about  three  parts  of  the  carbon^  - 
ate  to  one  part  of  clayey  material.     Natural  cement  is  the  product  of  ai^ 
impure  limestone  containing  from  15  to  40  per  cent  of  silica,  alumina 
and  iron  oxide.     Calcareous  and  argillaceous  rocks  suitable  for  ce  :- 
ment  making  are  relatively  scarce  in  the  Ketchikan  and  WrangeL^ 
districts.     They  are  metamorphosed,  usually  containing  mica  an^ 
some  pyrite,  and  are  not  sufficiently  fine  grained  to  be  of  value.     Ai— ^ 
only  one  locality — I^ng  Island  in  Kasaan  Bay — have  rocks  of  th= 
sort  been  located  for  the  manufacture  of  cement.     Here  beds  of  lim^ 
stone  and  siliceous  shale  are  exposed  around  the  shores  of  the  islaf»— 
and  are  apparently  of  a  quality  suitable  to  make  cement.     The  disp^^ 
sition  of  this  product  will,  however,  be  confined  to  the  local  nmrke- 
as  it  can  not  now  be  profitably  ship[)ed  to  compete  with  the  cemei  ' 
niiuuifactured  along  the  Pacific  coast.     The  reason  for  this,  in  tl^ 
first  place,  is  the  high  cost  of  the  fuel  necessary  for  its  inanufactux*^ 
The  difficulty  in  obtaining  efficient  and  cheaj)  labor,  as  compared  wit 
the  labor  of  the  Puget  Sound  area  and  California,  must  also  be  coic. 
sidered.     The  long  haul  necessary  to  reach  the  market  is  unfavorat>  ^ 
to  such  an  industry.     To  ship  the  cement  rock  as  mined  to  a  cemei^' 
factory  established  somewhere  near  the  point  of  coal  supply  and  nc*^^'' 
the  market  would  be  the  most  feasible  plan,  but  this  would  brii'^ 
little  or  no  profit,  as  vast  areas  of  cement  rock  are  ex])osed  near  i^ 
the  larger  cities  and  can  supply  the  cement  plants  nhmg  the  coi*- 
for  many  years  to  come. 

MIXKRAI^  AND  TIIKRMAJ.   SPUIXCiS. 

Cold  mineral  springs  have  been  found  at  (1)  St.  John  Harbo^' 
on  Zaremho  Island,  (2)  at  several  points  near  Kddystone  Rock,  i^ 
Behni  Canal,  and    (8)   up  Unuk  Kiver. 

At  Zarembo  Springs  the  water  contains  ('onsi(lernl)le  carbon  diox^ 
ide  with  various  mineral  salts,  which  lend  to  it  an  ugieenble  Havor^ 
The  point  of  out  How,  which  is  covered  at  high  tide,  has  In^en  incased 
and  a  small  wharf  bu'ilt  over  it.    The  water  forces  itself  up  through 
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a  pipe,  from  which  demijohns  and  barrels  are  filled  and  shipped 
to  Seattle,  where  bottling  works  have  been  established. 

In  Behm  Canal  the  principal  spring  is  situated  on  the  east  side 
of  Revillagigedo  Island,  opposite  Eddystone  Rock.  The  waters 
emerge  from  fracture  cracks  in  a  banded  schist  complex  cut  by  peg- 
matite dikes.  The  flow  at  this  point  is  greater  than  at  Zarembo 
Springs.  Carbon  dioxide  and  a  small  percentage  of  sulphureted 
hydrogen  are  present  in  the  water,  the  latter  giving  it  a  disagreeable 
odor.  Small  shipments  have  been  made  from  these  springs  for  the 
local  trade. 

On  the  north  bank  of  Unuk  River,  about  20  miles  from  the  mouth 
and  2i  miles  below  the  international  boundary,  a  strongly  carbon- 
ated spring  flows  from  a  fissure  in  the  granite.  Its  temperature  is 
7""  C.  (44°  F.)  and  the  daily  discharge  about  1,000  gallons.  With 
good  transportation  facilities  this  spring  should  prove  valuable. 

Thermal  springs  occur  at  several  points  in  southeastern  Alaska 
and  have  been  found  by  experience  to  possess  medicinal  properties 
of  great  value  to  sufferers  from  rheumatism  and  other  ills  resulting 
from  exposure.  The  Indians  were  the  first  to  appreciate  the  healing 
power  of  the  springs  and  made  use  of  them  long  before  the  invasion 
of  the  white  men.  Of  late  years  cabins  and  bath  houses  have  been 
built  at  several  of  the  springs  for  the  accommodation  of  visitors. 
Southeastern  Alaska,  however,  is  not  an  ideal  summer  resort,  owing 
to  the  excessive  rain,  and  the  springs  can  not  be  so  valuable  commer- 
cially as  those  in  more  favored  districts. 

The  springs  occur  without  exception  within  intrusive  granite  belts 
and  issue  from  fracture  planes.  In  temperature  they  range  from  65° 
C.  (150°  F.)  to  95°  C.  (203°  F.).  They  are  extremely  variable  in 
composition,  and  on  cooling  precipitate  various  minerals,  forming 
crust  deposits.  The  rate  of  discharge  is  not  the  same  for  different 
sj)rings,  and  varies,  probably,  from  several  hundred  to  1,500,000 
gallons  per  day.  One  of  the  hottest  springs  is  located  near  Bailey 
Bay,  Behm  Canal,  in  the  Ketchikan  district.  The  water  at  this  point 
issues'  from  a  fissure  in  the  granite  in  the  form  of  a  jet  15  inches  high 
and  1  inch  in  diameter.  On  Bell  Island,  just  west  of  Bailey  Bay, 
and  on  the  north  side  of  Unuk  River,  6  miles  from  its  mouth,  are 
similar  hot  springs,  which  are  frequently  visited.  The  spring  with 
the  greatest  flow  is  situated  opposite  Great  Glacier,  on  Stikine  River, 
alK>ve  the  international  boundary,  and  serves  the  inhabitants  of  the 
Wrangell  district.  Definite  analyses  and  temperatures  of  the  various 
waters  could  not  be  obtained. 
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FUTURE  OF  THE  DISTRICTS. 

Although  a  greater  or  less  concentration  of  copper  and  gold  occui 
at  various  points  in  the  Ketchikan  district,  there  is  little  to  indicate 
that  deposits  of  much  higher  grade  or  greater  extent  will  be  foun- 
than  those  at  present  mined.    Large  areas  still  remain  unprospecteci 
and  within  these  future  explorations  will  probably  reveal  ore  bodie 
comparable  with  thase  now  known.    The  extent  of  the  copper-bearing 
masses  is  possibly  the  most  important  question  to  be  settled.     Thai^^ 
outcrops  may  fail  altogether  to  indicate  the  value  of  ground  under — 
neath  has  been  shown  at  several  localities,  and  that  the  occurrence  ©•^ 
the  ore  is  often  in  limited  masses  which  can  be  mined  out  in  a  shoi(JP        " 
space  of  time  is  shown  at  several  mines,  though  at  these  localitiej^=^- 
advanced  developments  invariably   reveal  new  ore  bodies.     Under' ^^    " 
exploitation  on  the  scale  being  advanced  in  this  district  the  problem  j^'  ^ 
of  new  ore  reserves  must  inevitably  come  to  the  front,  and  the  search   ^^  " 
for  new  ore  bodies  should  be  vigorously  continued  by  both  prospector  "^^^^ 
and   mine   operator.     Such   investigations  have  been   satisfactorily    ^^-^ 
extended  in  the  ore-bearing  rocks  by  the  use  of  diamond-drills,  which      -^^ 
are  especially  adapted  to  the  search  of  such  scattered  ore  masses. 

Under  existing  conditions,  with  the  price  of  copper  at  15  cents  per 
pound,  it  is  not  possible  to  mine  profitably  ore  containing  less  than  00         ^ 
pounds  of  copper  per  ton  and  the  usual  gold  content  of  from  75  cents  ^ 

to  $1.25  per  t(ni.  However,  ore  containing  as  low  as  40  pounds  of  cop- 
per per  ton  was  mined  and  shipped  at  a  profit  early  in  1907,  when  cop- 
per was  at  a  market  value  of  25  cents  a  pound.  The  present  mining 
costs  average  from  $1.50  to  $2  per  ton,  including  haulage  to  the 
wharf;  transportation  to  the  smelters  at  Tacoma  or  in  British  Co- 
lumbia costs  from  $1.50  to  $2  per  ton,  depending  upon  the  tonnage 
shipped;  smelting  charges  are  from  $o  to  $5  per  ton,  including  the 
losses  in  treatment.  If  the  ore  is  smelted  in  Alaska,  transportation 
is  somewhat  reduced,  though  the  smelting  charges  are  necessiirily 
increased,  as  the  coke  recpiired  nuist  be  shipped  to  Alaska  and  the 
copper  matte  or  smelter  product  must  be  shipped  south  to  Puget 
Sound. 

In  some  of  the  copper  mines,  as  on  Kasaan  Peninsula  and  near  Sul- 
zer,  are  huge  bodies  of  magnetite  containhig  from  1  to  2  per  cent  of 
copper  per  ton,  which  can  not  at  present  be  extracted  with  profit  as  a 
copper  ore.  It  is  possible,  however,  that,  with  the  introduction  of 
a  method  of  concentration  by  fine  grinding  and  magnetic  separation, 
such  an  ore  may  also  be  mined  to  advantage,  especially  if  the  mag- 
netite can  be  sold  as  an  inm  ore.  It  is  noteworthy  that  the  magnetite 
is  practically  free  from  phosphorus,  contains  very  little  sulphur  or 
other  impurities,  and  could  be  placed  on  the  market  as  a  **  Bessemer 
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ore."  The  mines  and  prospects  on  Kasaan  Peninsula  alone  have 
revealed  a  large  tonnage  of  magnetite  ore. 

(lold  ores  which  are  favorably  located  and  in  which  the  greater 
I>ercentage  of  the  value  is  free-milling  can  be  profitably  mined  with 
a  gold  content  of  $3  to  $10  or  more  per  ton,  according  to  the  magni- 
tude of  the  ore  body. 

The  rapidly  increasing  output  from  the  copper  mines  on  Prince  of 
Wales  Island  and  the  recent  discoveries  of  copper-bearing  deposits 
have  brought  the  Ketchikan  district  well  to  the  front  as  a  copper- 
producing  area.  Little  can  be  said  regarding  the  future  of  the  mines 
and  prospects  in  the  Wrangell  district,  as  their  output  has  been  slight. 
Copper,  gold,  and  silver-lead  deposits  are  being  exposed  at  several 
localities,  some  of  which  give  promise  of  becoming  future  metal 
producers. 


INDEX 


A.  Page. 

Acknowledgments  to  persons  aiding 12 

Admiralty  Island,  area  of 23 

fossils  of 58 

geology  of 37,3^-40,58 

mlne76LllKB.tit>n  on 42 

Alan3«<lA  cUimt  ilflwcriptlou  of 170 

Alaslca,  eoutb^astcrti,  geography  of 21-22 

geology  of 32-43 

map  of 22 

work  in 9 

Alaska  Marble  Company,  marble  of 194-105 

miLTblR  rif  fti^jilysi'^  oT 194 

quarries  of 192-195 

map  showing 193 

views  of 194 

Alexander   Archipelago    National    Forest 

description  of 32 

rules  for 32 

Alexander  cUtm,  descrrlption  of 155-156 

Algonquin  group,  descrlpUnn  of 140 

Alpfiftifroup.daarfiptionof     175 

AmjLKOQ  oliLiin,  doBcrlptlon  of 174-175 

AiDQdeAQCoral  Marble  Co.proijertlei  of.  19ft-197 
A  m  phfboie  H  ooeuriPetJCP  ftnd  character  of ... .       92 

Aiui£}alt«,  oiMiurrenc*  and  character  of 71-72 

Annette  Island,  area  of 23 

gold  deposits  of 179-180 

Indians  on 179-180 

AnulQ  claim,  dewrlpt ion  of       156 

AtiiPBnpyrltflp  oocufrenL-e  awi  character  of. .       89 

Ashe  group,  description  of 15<V-151 

Atwood,  W.  W.,  workof 57 

Azurite,  occurrence  and  character  of 90 

B. 

Baby  George  claim,  description  of 147 

Baker  I  jiland,  doscrlpt  Ion  of 181-182 

iiilin^ralbMlDiion  80 

Baltic  djiim,  dMcilpt [on  rjf  148 

Baltic  Star  claim,  descrlptioEi  of 148 

BiLrimof  lAlandi  gsfology  of 38 

mliwralifaUoii  on 42 

Bamartl ,  WUlfam,  explorations  by 17 

Baronovlch,  CJmrks    v^nn^'-  development 

by  16 

Basalt,  occurrence  and  character  of 72 

Batholittis,  occurrence  and  character  of 36,37 

See  aZ«o  i\tu,^t  RiiTigP  ifi.tn]!Slvf>, 

Bawden,  James,  ejtploriiUt>nfl  hy ^ 17 

Bay  View  claim,  description  of 140 

Beauty  claim,  description  of- 175 

Becker,  O.  F.,  surveys  by. 14-16 


Page 

Behm  Canal,  description  of 25-26 

sprli^jfton  201 

Bell  iHldnd.  s'prljigff  on 301 

Bibliography  of  n?gton 14-15 

Dig  Five  ckilm,  Je^riptton  of 127 

Big  Joecl'iint,  ilcjicrlptloiioL        HO 

Biotite,  sxs^urraiice  untl  charHclcr  of 93 

BSrilBeypDlfthTi.de^cflpllOiiof        152 

Black  Warrior  claim,  description  of 102-103 

I  Black  Warrior  group f  desert pt lor  of. 140 

'    hkke,  W    r    fliir^eyby  14,19 

j   Blue  Bird  cljilm.    Sef  Slwspy  Eye  claim. 

Blue  BtJckn  vinim,  description  of 156-157 

Tiomiti'f  (leserlptionof 87 

HtJiiiidiLry  P*?iik ,  view  from 24 

tirndJlsld  Canfil,  views  on. 68 

Breoclii.  vflins,  occurreni-*-  and  character  of. .  81-82 

BrcwkSp  A.  JI.,  pTufacti  by —         9 

work  in  charge  of 11-13, 15 

Brown  and  Metzdorf  prospect,  description 

of 120-121 

Bruce,  M.  W .,  on  Prince  of  Wales  Island 16-17 

Buckhom  group,  description  of 165 

Building  stones,  markets  for 191-192 

occurrence  and  value  of 191-200 


C. 


90 


Calcite,  occurrence  and  character  of 

Canals.    See  Fiords. 

Carboniferous  rocks,  deposition  of 74 

description  of 34-^,44,52-57 

fossils  of 52-56 

Carita  group,  description  of 140 

Carroll  Inlet,  marble  on 197-198 

t  ji?u.-JKk'  K^"^f|^S^  ui'jm.m  ijrlinii  of 161-162 

Cement  ch*racter  of 200 

material*!  for 300 

Cenoioit:  rocks.  dp«criptton  of 34,43-44 

Chalcopyrit*.  aiuilyi^H  of  ores  of 86 

d«ficnptton  of  86-«<7 

Cbarle^  prospect,  description  of 120 

(Chatham  Strait,  cieH?rlpiion  of 21-22 

Chicbrtgol   aland,  gpologj^ of 38 

mEni?mll^fiHon  on 42 

r]illr('*'lili»nv  in'ciiireiic*' ajij«ic.'biiini(^tr^r  of. . .        93 
<  'hiyhi]  t>Tii  li'U'v  S"uni  L  description  of 166 

^ihlv]  Tninc-'^  rn'ur     16()-172 

I'i^'aTldii  I'T  TriiipHfllioA^tn^;    167,160 

lead  and  silver  mine.s  on 187-188 

ChrysocoUn,  occurrence  and  character  of . . .        90 
Cleveland  Peninsula,  description  of 152-153 

goldinlneaou \^  \^ 


206 


INDEX. 


Climate,  deacrlptlon  of 27-29 

Clipper  group^  description  of I<i5 

Clover  Bay,  fossils  from 49-50 

Coal,  occurrence  of 59-<)0 

Coal  Bay,  section  at 60 

Coast  Range  intrusives,  composition  of 63-66 

contactsof 61-^  j 

description  of 61-«0  ' 

metamorphism  by 65-68 

mineralization  of 77-78 

Concord  group,  description  of 139-140 

Constitution  group,  description  of 163 

Contact-metamorphlc  deposits,  occurrence 

and  character  of 83 

Contmdrum  claim,  description  of 131 

Copper,  price  of 202 

production  of 19-20,77 

Copper,  native,  occurrenceof 86 

Copper  Center  group,  description  of 120 

Copper  City  mine,  description  of 106 

ore  body  of 106-107 

assay  of 85 

Copper  Cliff  mine,  description  of 131 

Copper  Harbor,  copper  ores  on 107-108 

smelter  at 97-98 

Copi)er  mines,  detailed  descriptions  of 93-142 

Copper  mining,  cost  of 202 

development  of 77 

future  of 202 

history  of 16, 19-20 

Copper  Mountain,  workings  on,  views  of 98 

Copper  Mountain  group,  description  of 90-97 

developments  at 97-98 

ore  deposits  of 98 

assay  of 85 

Copper  ores,  assays  of 85 

character  of 84-85 

Copper  Queen  mine,  description  of 117-118 

developnicut  of 10 

Corbin  mine,  description  of 105 

ore  bodies  of 105-106 

Coronution  Island,  description  of 190 

galena  on 80, 190-191 

Crackerjack  mine,  description  of ltjO-101 

Cretaceous  rocks,  description  of 34 

Cra'sus  group,  description  of 170-171 

Cushing,  n.  J'.,  surveys  by 14 

Cutter  group,  description  of lOo 

C\Tnru  mine,  description  of 132-133 

ore  i>odie8  of 133-134 

analysis  of sTj 

I). 

Dakoo  Harbor  prospexts,  description  of. . .       IM 

Dall.  W.  li..  surveys  by l4-i:> 

Dall  Head,  fossils  from  near :»2-.'>3 

prosi^ects  at 13.H-140 

location  of,  mnp  showing 139  i 

l>all  Island,  area  of 23 

description  of 1N>-1HI 

gold  prosjwcts  on LSI 

mineralization  on 79 

Dama  group.    Sre  Copiwr  Clill  mine. 

Dawson,  G.  M.,  surveys  l>y 14 

Devonian  rocks,  deposition  of 73-74 

description  of 35, 40-52 

fossils  from 47-51 


Page. 

Dew  Drop  claim 163 

Diabase  dikes,  occurrence  and  character  of.  69-70 

Diamond  B.  claim,  description  of 102-103 

Dikes,  occurrence  and  character  of 68-60 

view  of 68 

Dolly  Varden  claims,  description  of 162 

Dolomi  region,  description  of 172-173 

gold  mine  of 172-176 

marble  near 196-197 

Dora  Bay,  gold  prospects  on 171-172 

Dora  Lake,  prospects  near,  location  of,  map 

showing 167 

Drainage,  description  of 24-36 

Duncan,  William,  work  of,  among  Indians.      179 
Duncan  Canal,  copper  mines  near 140-142 

copper  mines  near,  location  of,  map 

showing 141 

description  of 140-141 

E. 

Eagles  Nest  group,  description  of 118>115> 

El  Capitan  Marble  Co.,  quarriea  of 196-1Q6 

Elephant  Nose  prospects,  description  of. . . .     185 

Elkgroup,  description  of ISl 

Emerson,  B.  K.,  surveys  by 15 

Epidote,  occurrence  and  cliaracter  of ^ 

Equator  group,  description  of X€8 

Etolin  Island,  area  of ^ 

Extrusive  rocks,  definition  of ^ 

description  of 70-7^ 

Eureka  claim,  description  of ^^1 

F. 

Faults,  occurrence  and  character  of *^ 

Fawn  group.    See  Kid  group. 

Feldspar,  occurrence  and  character  of 9^2-^ 

Felsite  dikes,  occurrence  and  character  of . .  ' 

Field  work,  description  of 1 2-13 

Fiords,  character  and  occurrence  of 21-22.  2 

Flora  claim,  description  of ^^ 

Folds,  occurrence  and  character  of v^ 

Forest,  national,  establishment  of 

Formations.    See  Rock  formations.  _ 

Fortune  claim,  description  of ' 

Frisco  claini;  description  of * ' 

V>. 

Galena,  analyses  of ^ 

occurrence  and  character  of ^ 

Garnet,  analyses  of * 

occurrence  and  charat^ter  of ^^^^^^ 

Geography,  description  of ^^^ ^ 

Geologic  history,  outline  of t3^' 

Geolopic  mai)**  of  area Votr^      ' 

description  of 13-14.  4^^^^ 

(teolopy   of   Ketchikan   and   VVrangell  dis-  _, 

t ricts ^^^'ja 

of  southeastern  Alaska ^'^^eA 

views  showing 26.  -5**  ^,, 

George  claims,  description  of ^ 

George  Inlet  region,  description  of \^9^     ' 

fossils  from 5^  '^ 

gold  nynes  of 150^  ^^ 

mapof 

marble  of ^a 

G Irty ,  G .  H ..  f (\ssils  ident ified  by ^'^'^ n 

work  of 
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(tlaciation,  extent  of '24 

Olacipf  Basin,  description  of 188- J89 

lead,  zinc,  and  silver  of 189-190 

map  of 188 

GladHtonfl  piniTp.  description  of 160-167 

Qo-hy  gtYiiipf  location  of Ifi5 

Ooldoccurretwe  Ot     77, 78, 82. 8&-«l,  142-143 

production  of 20 

Ci olden  Banner  claim,  description  of 147 

Golden  Fleece  fi^roup,  description  of 176-17H 

Golden  Rod  claim,  description  of 146-147 

Gold  mines,  detailed  descriptions  of 142-186 

Gold  iriiiiin^;. tOHt  nf  203 

history  of 16-17. 18-19 

Gold  Mountain  group,  description  of 156 

(f old  oren,  cbiirtLCter  of.  STi 

Gold  Standard  group*  dHcription  of 15a-irw» 

OoId^iwfijiTJ  groiipt  dtocrlpt Jon  of 177-178 

ore  bodlfA  of  178 

Goodro  oblma,  dptcrlption  of 125-126 

Googoo  clji3m<  dflaoriptlon  of. 147 

Gould  ti^ruup,  de^rlptloji  of    107 

Gould  1  piland,  copiwr  ores  on 107 

ariinftr.  .i^tpUnitlnRofterm 63 

characteristics  of 199 

distribution  of 198-199 

market  for 199-200 

See  also  Coast  Range  intrusives. 

G ranlte  Mountain,  description  of 164 

prospects  on 164-166 

Gravina  Island,  copper  mines  on 138-140 

description  of 138. 177 

fossils  from 50,52-53 

gold  mines  on 177-179 

map  of  part  of 139 

Green  Monster  group,  description  of 102 

developments  at 102 

ore  l>odies  of 102-103 

G  reenstone,  occurrence  and  character  of 70-71 

Grotto  claim,  description  of 140 

G  roundhog  Basin,  description  of 188-189 

lead,  rine,  and  silver  of 189-190 

map  of 188 

II. 

1  ladley ,  claims  near,  map  showing 1 13 

view  o(j  AhowUig  smelter 100 

I  lullet'k  Uarbnr,  l4*s*il  ^  from 54-55 

UiimiUuri  IJuy  ffisslb  from 59-<fl 

llam  Island,  mar1)le  on 198 

Harris  River  claims,  description  of 161 

Huttie  group,  description  of 182-184 

Hayes,  C.  W .,  surveys  by 14 

Ileceta  Island,  fossils  from 47 

lleckm tin  group.  (Jf^rriptlnn  of 179 

Helen  S.  group,  description  of 184 

Helm  Bay,  gold  mines  on 153-154 

mjipof         154 

Hetllulite,  cjociirmtifle  and  character  of 89 

U<*tT  ;  ^']rt  rr^^on  copper  mines  of 94-108 

description  of 94 

geology  of 95 

map  of 90 

metamorphlsm  in 95-96 

mines  of,  descriptions  of 96-108 

ore  deposits  of 95-96 

Hetta  Mountain,  copper  ores  on 108 


Page. 

High  Horse  claim,  dt«cription  of 147-148 

ailJU4  i^Jilm,  ck'^irfptloTi  af    121 

Jrl?itofiiviI  gtiohigy  {jtitUue  ol 73-77 

ITc^HTIpy  group,  dcsoriptlon  of 151 

lEobudain^dtiserlptSODof,    140 

llofriniin  diiim  description  of 155-156 

llolc-lnthi'  w,t]l  prospects,  description  of . .  121-122 
lIolllii,goUl  imiji     ;:    ir  168-164 

lnp4itlmiof  nmp  Phnwtng 159 

IlolHs  group.  atat'rJptUm  of 161 

llomp»tak<i  filukn,  dL^acriptlori  of 176 

Hopt^cbilm^df^BCTiptionof     176-177 

lioiightoii  group,  description  of  103-104 

itr*}  hitdk'n  of  104 

11  umboldt  claim,  description  of 161 

I. 

Idaho  claim,  description  of 171-172 

Ignoous  r*  nkn .  iIvsh  riptloTi  of 44, 61-73 

Independent  jfroup.  fliJM'i'LplIon  of 163-164 

Index  claim,  d^^rlpt ion  of     104 

Indian  ofjiim .  cJ*isirrlfjtion  cif  97-98 

IntruslY*  roeki*,  iJpifinEtkm  of 33 

riiwtripUun  of  61-70 

SeeffUo  liatboUtbtfi  Coast  Range  intru- 
sives. 

lola  claim,  description  of 102 

Iron  Cap  group,  description  of 126-127 

Islands,  description  of 2ev-27 

ralnerallKatlon  on 42 


Johnson  Inlet,  marble  at 196 

Joker  group.    See  Goo<Iro  claims. 

Judge  claim,  description  of 129-131 

luluMliim  dBStirlptloQ  of 161 

,f  iHPilt.i  itjroijp,  dcwrlptlfjii  of 99 

iip'VrJlfpTrji'Tlt?^  JLl  , 99 

ore  di^posits  of 99-102 

Juneau  Iwlt,  description  of 41 

Juneau  group,  location  of ..      165 

Juneau  district  rill xey  <  J        9.11 

K. 

Kartu  Bay  mine,  ore  of.  assay  of S5 

Karta  Bay  rr^on.  copper  mines  of 122-12r» 

description  of 122 

geology  of 122 

map  of 123 

mines  on.  descriptions  of 123-126 

Kasaan  Bay  region.  copp<T  pro«p<*cls  of..  127-128 

Kasaan  IVninsula.  copper  inin;'8  on 1  08-12 

description  of 108-110 

geology  of 110-111 

iron  on 202-203 

map  of 1()9 

mines  of.  de»oriptions  of 112  122 

ore  deposits  of 111-112 

Koku   sk'ts.  fusnilp  f nun rtiiM 

Kf^tykuk  clalm»^  drscripriyn  of HU 

K4  It-JiikiLri,  dt  iCrlpUon  of is 

K^'Tt■^liL■lM^  Jhtrl-.f   ao'a  of Xi 

i  boundaries  of 17-18 

I  climate  of 27-29 

I  future  of 202-203 

'         geography  of Il-*n 

I         geologic  niapa  o\ Y w>».vv. 
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Ketchikan  district,  geology  of 43-77 

mining  development  in 10-17 

vegetation  in 30-32 

Ketchilcan  series,  definition  of 44 

Keystone  claim,  description  of 157 

Khayyam  mine,  description  of 135 

ore  bodies  of 135-137 

ore  of,  analysis  of 137 

plan  and  section  of,  figures  showing —      136 

Kid  group,  description  of 169-170 

Kindle,  E.  M..  fossils  found  by 46-51,55 

work  of 12 

Kitkun  Bay,  gold  prospects  on 168-171 

location  of,  map  showing 169 

Klawak  Inlet,  fosculs  from 51 

Kloochman  Canyon,  view  of 26 

Knowlton,  F.  II.,  fossils  identified  by 50-60 

Kosciusko  Island.^roa  of 23 

Kuiu  Island,  area  of 23 

coal  on 60, 72-73 

description  of 26-27 

fossils  from 46.53-55,60 

geology  of 72 

mineralisation  on 80 

Kuprcanof  group,  description  of 141-142 

location  of,  map  showing 141 

Kupreanof  Island,  aroa  of 23 

copper  mines  on 140-142 

description  of 26 

geology  of 72 

mineralization  on 42 


L. 


Lady  of  the  Lake  claim,  descriptjon  of 171 

Lake  claims,  description  of 149 

Lake  group,  doseriptioii  of 171 

Lake  View  claim,  description  of 137 

ore  bodies  of I'M-llih 

Laskawonda  group,  description  of l.')2 

Last  Chance  claim,  dest'riptlon  of l.')7 

Lava.    Sec  Intrusive  rocks. 

lA'iid  mines,  description  of 1^7  191 

distribution  of 1K(>-1.S7 

Llmonitc,  oecurrenrt>  and  character  of \)0  , 

Literature,  account  of H-15  ; 

Little  Annis  claim,  description  of 17ri 

Lode  deposits,  occurrence  and  charaeter  of.  ,s2  s3  j 

Lon-de-Van  group,  description  of l.V) 

Long  Island,  cement  materials  on 2()() 

fossils  from 47-49  i 

peolopy  of 1U)-111 

section  on 4.S 

Loolv'out  proup,  description  of i:U  j 

Lucky  Find  proup.  description  of 1(W)  1 

Lucky  Jim  p:rou[).  dest^'ription  of Kif) 

Lynn  Canal,  description  of 21-22 

M. 

McKenzle  Inlet,  copper  mines  on 134-  13s 

copper  mines  on,  location  of.  map  show-  \ 

ing 134 

Magnetite,  occurrence  and  character  of.  «9.202-2(tt 
Mahoney  group.    Sec  Iron  Cap  group. 

Majestic  claim,  description  of 147 

Malachite,  occurrence  and  character  of 90 


Mamie  mine,  description  of II 

location  of.  map  showing 

ore  body  at , 

assay  of 

Mammoth  group  (Kasaan  Peninsula),  d 
scriptlon  of , 

ore  body  at 

Mammoth  group  (Skowl  Arm),  descriptio 
of 

ore  bodies  of 

Map,  of  southeastern  Alaska 

Maps,  geologic,  of  area 

description  of 13-1 

Marble,  blocks  of,  view  of 

distribution  of 

market  for 

occurrences  of,  description  of 

quality  of 

Marble  Island,  marble  on i 

Margery  group,  description  of i 

Mary  T.  claim,  description  of 

Massachusetts  claims,  description  of 

Melville  claim,  description  of 

Mesozoic  rocks,  deposition  of 

description  of 4^ 

fossils  of 

intrusion  of 

Metamorphism,  description  of 

Metlakatla,  Indians  at 4 

Midnight  Sun  claim,  description  of •* 

Mineralization,    occurrence   and   charactflf 
of 41-4^ 

See  also  Ore  deposits;  Ores. 

Minerals,  de.scriptlon  of 

Mineral  springs,  occurrence  and  character 

of 31 

Mines  and  prosi)ects,  detailed  descriptions 


i 
i 


of. 


Mining  development,  history  of 

Mitkof  Island,  area  of 

Moira  Sound,  North  Arm  of,  copper  mines 

on 1 

devscrlpllon  of 

map  of 

Molybdenite,  occurrence  and  character  of ... 
Moonshine   group    (Cholmondeley   Sound), 

des<'ri[)tion  of 181 

.Moonshine  group  (Dravinii  Islands,  descrip- 
tion of 

Mountain  To[)  claim,  description  of 

Mount  Andrew  mine,  description  of lH 

location  of,  map  shou  inp 

ore  l>odies  at IM 

assay  of 

plan  and  section  of,  fipure  showing 

Mount  Anvil,  view  from 

Mount  Vestu  prosjx'cts.  (h'scription  of 

N. 

Nellie  claim.  descri[)tlon  of 

New  York  claim,  description  of.    

Niblack    Anchorage    region, 
of 

description  of 

geology  of 

map  of 


ie$ 


opi>er 


mines 
12H 


J 
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Niblack  mine,  description  of 129-130 

ore  bodies  of 130-131 

assay  of 85 

Nortli  Arm,  gold  prospects  on 1T«;-177 

marble  on 1%-197 

Noyes  Island,  mineraliEatfon  on.  *. 80 

O. 

O.K.  claim,  description  of I»i8 

Old  rilory  group,  description  of 157-158 

Omar  Khayyam  mine,  ore  of,  assay  of 85 

On*  deposits,  character  of 80-84 

distribution  of 77-80 

minerals  of 85-93 

Sfe  aUo  Ores;  individual  minex. 
Oregon  claim  (Dora  Bay),  description  of. .  171-172 
Oregon    claim   (Kitkun  Bay),  description 

of 1K8-109 

Ores,  character  of 84 

P. 

Pacific  Mountain  system,  description  of 21 

Palache,  C,  surveys  by 15 

Paleozoic  rocks,  description  of 34-35, 43, 45-57 

Paris  group,  description  of 107 

Park  View  claim,  description  of 168 

Paul  and  Jessie  claims,  description  of 173-174 

Pay  shoots,  character  of 81 

Peacock  claim,  description  of 121 

Pegmatite,  ImporJ^tnoe  of (•3,6*^-69 

Pelaska  claim ,  description  of 122 

Pennsylvania  claims,  description  of 122 

I'eterson  group,  description  of 150 

Placers,  development  of 80 

Platinum,  nonoccurrence  of 86 

T'oint  Meade  limestone,  fossils  of 46 

Poor  Man's  group,  description  of 118 

Porphyrite  dikes,  occurrence ^nd  character 

of 70 

Portage  Mountain  group,  description  of 141 

location  of,  map  showing 141 

Port  Camden,  fossils  from 60 

Portland  Canal,  description  of 25 

view  of 24 

Precipitation,  records  of 28 

Prince  of  Wales  Island,  area  of 23 

contact-metamorphism  on 83 

copper  mines  on 93-134,203 

description  of 26, 27 

fossils  from 47-50,62 

geology  of <0, 58, 59 

gold  mines  on 158-177 

marble  on 192-197 

mincraliMtlon  on ir-17,<2-43,79 

Prindle,  L.  M.,  fossils  found  by .56 

Prospects  and  mines,  detailed  descriptions 

of 93-191 

Puyalhip  mine,  description  of 159- 1«) 

I'u7zler  claim,  description  of 155 

Py  rite,  description  of 87 

Pyrrhotite,  analyses  of  ores  of 87 

description  ol 87 

Q. 

Quartz,  oocurreaoe  and  character  of 90 

Queen  claim,  deacription  of 148 

4084a-Bull.  347—08 14 


R.  Page. 

Rainy  Day  claim,  description  of 156 

Reid,  II.  F.,  surveys  by 14 

Revillagige<lo  Island,  area  of .    23 

gold  mines  on 143-152 

marble  on 197-198 

springs  on 201 

Rock  formations,  description  of 3r>-38 

Rose  claim,  description  of 163 

Rush  &  Brown  mine,  description  of 123-125 

org  bodies  of 125 

section  of,  figure  showing 124 

Uussi.'in  Bear  claim,  description  of 108 

S. 

Saginaw  Bay,  fossils  from 53. 54 

Salmon  claim,  description  of 1 75 

Salve  claim,  description  of 148 

San  Fernando  Island,  geology  on,  view  of. . .        56 

San  Juan  Bautista  Island,  fossils  from 51 

San  Juan  claim,  description  of 171 

Sea  polite,  occurrence  and  character  of 92 

Schist  band,  definition  of 44 

view  of 68 

Sea  Breeze  claim,  description  of 146 

Seal  Bay,  prospects  at l.?8-140 

prospects  at,  location  of.  map  showing. .      139 

Sealevei,  gold  mines  near,  map  showing 145 

Sealevel  mine,  description  of 144-146 

Seaward  islands.    See  Islands. 
Sedimenta  ry  rocks.    See  Stratified  rocks. 

Shelton  group,  description  of 128 

Silurian  rooks,  deposition  of 73 

description  of 35, 45-46 

fossils  of 46 

Silver,  production  of 20 

Sliver  mines,  description  of 187-191 

distribution  of 1S6-187 

Skowl  Arm,  copper  mines  near 134-138 

copper  mines  near,  location  of.  map 

showing 134 

description  of 1.34 

Slate  belt,  definition  of 44 

Slate-greenstone  band,  definition  of 44. 54)-57 

mineralization  in 78 

view  of 56 

Sleepy  Eye  claim,  description  of 176 

Smeaton  Bay  prospects,  description  of 185 

Soda  Springs  Bay.  fossils  from 52 

Spencer,  A.  C.  sur>'eys  by 15 

Sphalerite,  occurrence  and  character  of 88 

Springs,  occurrence  and  character  of 200-201 

Stanton,  T.  W.,  fossil  identified  by 57 

Starry  Banner  claim ,  descrlpt  ion  of 156 

Stella  claim,  description  of 162 

Stevenstownmine,  description  of 114 

location  of,  map  showing 113 

ore  bodies  at 115 

assay  of 85 

workings  of,  view  of 100 

Stiklne  River,  description  of 25 

gold  o  n 18 

springs  on 201 

view  on 26 

Stratified  rocks,  definition  of 32-33 

description  of 45-61 

See  also  Stratigraphy. 
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Pago. 
Stratigraphy,  description  of 33-36 

table  of 34-35 

Structure,  description  of 38-40 

Sultana  group,  description  of 104 

ore  bodies  of 104-105 

Sulzer,  magnetite  near 202 

Sunny  Day  group,  description  of 127 

Sunrise  claims,  description  of 121-122 

Surveys,  pr(^rress  of 9 

T. 

Tacoma  claim,  description  of 121 

Taku  Harbor,  fossils  from 55 

Taylor  Creek  prospects,  description  of 142 

Taylor  prospect,  description  of 119 

Telegraph  group.    5^^  Lon-de-Van  group. 

Temperaturp,  records  of 29 

Tertiarj'  rocks,  deposition  of 77 

description  of 34, 43-44. 59-61 

fosHils  of 60 

Tetrad  ymite,  occurrence  and  character  of. .  88-89 
Tetrahedrite,  occurrence  and  character  of . .        88 

Texas  claim,  description  of 108 

Thermal  springs,  occurrence  and  character 

of 200-201 

Thome  Arm  r^ion,  description  of 1 43 

geology  of 143 

gold  mines  of 143-149 

location  of,  map  showing 145 

marble  of 197 

Timber,  distribution  of 30-31 

preser\'ation  of 32 

value  of 31 

Tolstoi  Bay  rpglon,  copper  mines  of 12r>-127 

de^<•riptlon  of 126 

Tolstoi  M^roup,  description  of 127 

Tonpass  Narrows,  description  of l.')l 

gold  mines  of IT)! -1,52 

map  of 1 40 

Topography,  doscription  of 2:i-27 

view  sliowing 24 

Treasure  group,  description  of ]*'A  Ui,') 

Triassic  nvks.  description  of 34 

Twelve  Mile  Ami  region,  description  of l.'VS 

geology  of 1  .'vs-l .')!» 

gold  minos  of I.7.>  Itit; 

map  of l.',9 

Tye<'  claim,  (loscrii)t  ion  of 1  is 

r. 

I'nch'  Sain  niiin',  di'scriijt  i<>n  of 117 

orf  IwkIv  :it 117 

TnitiMl  States  claim   <lt'Scni.tion  of 1.'7 
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Unuk  River,  prospects  on,  description  of..  185-186 

prospects  on.  location  of,  map  showing.      196 

springs  on 201 

V. 

Vallenar  Bay,  prospects  at 140 

Valparaiso  group,  description  of 17.3-174 

workings  in.  section  of.  figure  showing. .      174 
Vegetation,  description  of 30-.12 

growth  of 31 

Vein  deposits,  occurrence  and  character  of .  80-81 
Veins.    Ser  Breccia  veins. 

Venus  claims,  description  of 122 

Venus  group,  description  of 125 

Virginia  group,  description  of 181 

Vulcan  claim,  description  of 104-105 

W. 

Wakefield  group,  description  of 132 

Wales  series,  definition  of 45 

Wallace  group,  description  of 127 

War  Eagle  claim,  description  of 140 

Washington  claim,  description  of 168-169 

Westlake  group,  description  of 176 

White  Knight  group,  description  of 140 

Wild  Cat  group,  description  of 151  -152 

Wild  West  claim,  description  of 147 

Woewodski  Island,  description  of 182 

gold  mines  on 182-184 

map  of 183 

Wollastonlte,  occurrence  and  character  of. .        92 

WoronofskI  Island,  description  of 184-185 

gold  prospects  on 185 

Wrangcll.  description  of 19 

Wrangcll  district,  area  of 2.1 

boundaries  of 17 

cliniatt'  of 27-29 

futun'  of 2O2-203 

g»-ograi)liy  of 22-27 

geologic  niai>s  of Pocket. 

geology  of 43-77 

mineralization  in 41 

mining  dev«'lopment  of 1^^19 

vegetation  in 30-;i2 

Wrangcll  Island,  an-a  of 23 

AV right.  ('.  W..  work  of 12-13 

Wright,  F.  E..  work  of 12-13 

Z. 

Z»in-nil»o  Island,  an-a  of 23 

Z.i-cmlx)  Sprin^^'?..  <l<'scription  of 2)0  201 

Zine  miii'-s.  (If-scrlprion  of I.s7-  191 

distribution  of. ]J^^v■l^7 
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1.  A  limited  number  are  delivered  to  the  Director  (,f  the  Survey,  from  whom  they 
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GENERAL. 

The  geography  and  geology  of  Alaska,  a  summary  of  existing  knowledge,  bv  A.  II. 

Brooks,  with  a  section  on  climate  l)y  Cleveland  Abbe,  jr.,  and  a  topographic  map 

and  description  thereof,  by  R.  U.  Goode.     Professional  taper  No.  45, 1906,  327  pp. 
Placer  mining  in  Alaska  in  1904,  by  A.  H.  BrfK)k8.     In  Bulletin  No.  259,  1905,  pp. 

18-31. 
The  mining  industry  in  1905,  by  A.  H.  Brooks.     In  Bulletin  No.  284,  1906,  pp.  4-9. 
The  mining  industry  in  1906,  by  A.  H.  Brooks.     In  Bulletin  No.  314,  1907,  pp.  19-39. 
Railway-  routes,  by  A.  H.  Brooks.     In  Bulletin  No.  284,  1906,  pp.  10-17. 
Administrative  report,  bv  A.  II.  Brooks.     In  Report  on  progress  of  investigations  of 

mineral  resources  of  Alaska  in  1904:  Bulletin  No.  259, 1905,  pp.  13-17. 
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coal  deposits,  by  G.  C.  Martin.     Bulletin  No.  250,  1905,  (H  pp. 
Coal  resources  of  southwestern  Alaska,  by  R.  W.  Stone.     In  Bulletin  No.  259,  1905, 
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A  reconnaissance  of  the  Matanuska  coal  field,  Alaska,  in  1905,  l)y  G.  C.  Martin.     Bulle- 
tin No.  289,  1906,  36  pp.     (Out  of  stock;  can  be  purchased  of  Superintendent  of 
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Jle.     Bulletin  No.  251,  1905,  89  pp. 
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102  pp. 
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liullolin  Xo.  :W7,  MH)8. 
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No.  314,  1907,  pp.  146-156. 
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>AL  RESOURCES  OF  THE  RUSSELL  FORK  BASIN 
IN  KENTUCKY  AND  VIRGINIA. 


By  Kalph  W.  Stone. 


PART  I -THE  ELKHORN  COAL  DISTRICT,  KENTUCKY. 

INTRODUCTION. 

Reasons  for  this  survey. — For  many  years  it  has  been  known  that 
uminous  coal  of  good  quality  occurs  in  abundance  in  Pike  and 
tcher  counties,  Ky.  The  region  north  of  Pound  Gap  on  the 
idwaters  of  Elkhorn  and  Shelby  creeks  and  of  Boone  Fork  of 
ntucky  River  has  been  particularly  noted  as  a  possible  source  of 
arge  amount  of  fuel.  This  region  has  enjoyed  a  good  reputation 
ong  investors  for  the  amount  and  quality  of  the  coal  present,  the 
ly  question  as  to  its  immediate  value  being  based  on  the  lack  of 
nsportation  facilities.  A  large  market  is  readily  accessible  from 
;  mouth  of  Big  Sandy  River,  the  natural  entrance  to  the  region. 
For  several  years  the  United  States  Geological  Surv^ey  has  had 
der  advisement  an  investigation  of  the  geology  and  mineral  re- 
irces  of  the  region  as  soon  as  adequate  topographic  maps  on  which 

base  the  work  should  be  prepared.  As  new  topographic  maps 
ire  not  immediately  forthcoming  and  as  a  railroad  has  recently 
3n  built  which  will  probably  lead  to  the  early  development  of  the 
Id,  it  was  decided  to  make  a  reconnaissance  survey  of  the  drainage 
sin  of  Russell  Fork  of  Big  Sandy  River  in  the  summer  of  1900. 
e  area  of  this  basin,  which  is  largely  in  Virginia,  is  approximately 
*    square  miles,  and,  as  the   writer  was   working  alone  during 

greater  part  of  the  thirteen  weeks  given  to  the  task,  it  was  not 
sible  to  study  details  of  structure  and  stratigraphy.  It  was  not 
iiided  that  this  should  be  the  final  survey  of  the  region,  but 
ler  that  the  whole  area  should  be  visited  and  as  much  informa- 
1  obtained  concerning  the  number,  extent,  and  character  of  the 
I  beds  as  was  possible  in  the  limited  time  available.  The  first 
1  of  this  report  deals  with  the  Kentucky  portion  of  the  basin  of 
ssell  Fork,  describes  the  coal  found  there,  and  gives  a  brief  ac- 
Uit  of  the  structure  and  stratigraphy. 
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Previous  investu/ation. — In  1S87  the  Kentucky  Geological  Survey 
published  preliminary  reports  on  the  southeastern  Kentucky  coal 
fields,  by  A.  E.  Crandall  and  G.  M.  Hodge,  and  in  1900  the  report 
of  the  inspector  of  mines  of  Kentucky  contained  the  results  of  in- 
vestigations made  by  Prof.  C.  Newton  Brown,  who  was  detailed 
by  the  War  Department  to  investigate  the  mineral  wealth  of  Big 
Sandy  Valley  at  the  time  there  was  a  movement  to  provide  for 
slack-water  navigation  on  the  river.  Professor  Brown's  report  was 
the  prinicipal  source  of  information  concerning  the  coal  of  the 
region  until  the  Kentucky  Geological  Survey,  in  October,  1006, 
issued,  as  its  Bulletin  No.  4,  a  report  by  A.  R.  Crandall,  entitled 
"  The  Coals  of  Big  Sandy  Valley.'"  Ten  pages  of  this  report  deal 
with  the  region  here  described. 

Individuals  and  companies  have  made  thorough  investigations  of 
practically  the  entire  district.  The  Big  Sandy  Company  and  the 
Northern  Coal  and  Coke  Company  have  made  areal  and  geolo^c 
surveys  of  their  extensive  holdings,  but  their  repoils  are  private. 
The  Big  Sandy  Company  has  a  lithograph  map  of  the  Elkhorn  field 
lying  south  of  Russell  Fork  which  shows  the  outcrops  of  the  princi- 
pal coal  beds,  the  geologic  structure,  and  the  location  of  several  hun- 
dred prospects.  This  map  was  made  by  E.  V.  dTnvilliers,  of  Phila- 
delphia. A  copy  furnished  to  the  writer  by  the  company,  together 
with  a  tracing  of  that  portion  of  the  original  map  representing  the 
country  north  of  Russell  Fork,  formed  the  base  for  the  field  notes 
and  for  a  large  part  of  the  map  wliich  accompanies  this  report 
(PI.  I).  Priviite  reports  by  R.  X.  Dicknian,  E.  V.  dlnvilliers, 
A.  M.  Miller,  Neil  Robinson,  Joseph  Sillyman,  and  others  were  seen 
by  the  writer. 

Method  of  work, — The  field  work  on  which  this  report  is  based 
was  done  between  July  24  and  Sei)tember  10,  1006.  G.  H.  Ashley, 
geologist  in  charge  of  Appalachian  coal  surveys,  spent  the  first  week 
of  the  season  with  the  party.  C.  W.  Dodge,  jr.,  assisted  the  writer 
after  August  24. 

The  work  consisted  largely  in  making  road  sections  to  determine 
the  structure,  in  measuring  cliiT  sections  to  get  the  stratigraphic 
succession,  and  in  measuring  coal  beds  wherever  exposures  could  be 
found.  In  a  region  so  heavily  timbered  as  this  there  are  but  few 
natural  exposures  of  the  coal  beds,  and  the  number  of  coal  sections 
measured  would  have  In^en  small  but  for  the  extensive  prosi>ecting 
done  by  the  companies  that  have  been  investing  in  coal  lands.  As 
more  than  a  year  Jiad  passed  since  most  of  the  trenches  were  dug, 
many  of  them  were  filled  and  the  coal  made  inaccessible  except  by 
the  expenditure  of  considerable  lime  and  labor.  It  was  not  prac- 
ticable in  the  present  survey  to  reexcavate,  an<l  therefore  measure- 
ments were  necessarily  confined  to  those  prospects  which  were  oi)en 
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and  could  be  located,  to  the  banks  which  are  worked  for  family  use 
each  winter,  and  to  the  natural  outcrops.  One  hundred  and  fifty 
measurements  of  coal  beds  were  thus  obtained,  suflScient  to  prove  the 
character  and  extent  of  the  coal  throughout  the  field.  All  coal  sec- 
tions given  in  this  report,  except  two  of  the  Flatwoods  bed,  were 
measured  by  the  writer  or  his  assistant,  Mr.  Dodge.  The  locations 
of  prospects  shown  on  the  map  of  the  Big  Sandy  Company  were  of 
great  assistance  in  finding  places  where  sections  of  coal  beds  might  be 
measured.  Stadia  elevations  given  on  the  map  were  accepted  as 
true  altitudes,  and  aneroids  were  constantly  referred  to  them. 

Acknowledgments. — The  writer  is  indebted  to  the  oflScers  of  the 
Big  Sandy  Company,  to  the  officers  of  the  Northern  Coal  and  Coke 
Company,  and  particularly  to  W.  T.  Griffith,  civil  engineer,  of  Pike- 
viUe,  Ky.,  J.  C.  C.  Mayo,  of  Paintsville,  Ky.,  and  James  W.  Fox,  of 
New  York,  for  maps,  information,  and  photographs.  C.  W.  Dodge, 
jr.,  gave  efficient  assistance  in  the  field,  and  in  the  office  has  prepared 
the  map  and  the  figures  which  accompany  the  report.  G.  H.  Ashley, 
geologist  in  charge  of  Appalachian  coal  surveys,  has  exercised  over- 
sight of  the  work  and  offered  many  valuable  suggestions.  David 
White  has  contributed  a  section  on  the  correlation  of  the  Elkhom 
coals.  The  residents  of  the  district  extended  kindness  to  the  writer 
everywhere  he  went,  and  he  wishes  to  state  that  in  every  locality, 
without  exception,  he  found  unfailing  courtesy  and  hospitality 
shown  to  the  stranger. 

GEOGRAPHY  AND  HISTORY. 

GEOGRAPHIC   POSITION. 

The  Elkhorn  coal  field  is  situated  close  to  the  eastern  boundary  of 
Kentucky,  about  midway  between  Huntington,  W.  Va.,  and  Bristol, 
Va.  The  field  lies  75  miles  south  of  Ohio  River,  in  the  drainage 
basin  of  Eussell  Fork  of  Big  Sandy  River.  It  is  a  part  of  the 
eastern  Kentucky  coal  field,  which  extends  over  several  counties  and 
is  di\'ided  by  natural  boundaries  into  smaller  districts,  of  which  the 
Elkhom  coal  field  is  one.  The  Elkhorn  field  as  here  discussed  and 
described  is  a  triangular  area  having  its  greatest  length  along  Pine 
Mountain  and  the  State  line.  The  distance  from  the  head  of  Grassy 
Creek  to  the  head  of  Elkhom  Creek  is  25  miles.  The  greatest  width 
of  the  field  is  about  10  miles,  which  is  the  distance  in  a  straight  line 
from  the  northern  end  of  Pine  Mountain  at  the  Breaks  to  the  mouth 
of  Russell  Fork  at  Millard.  This  area  is  all  in  Pike  County  ex- 
cept the  extreme  head  of  Elkhorn  Creek,  which  is  in  Letcher  County. 

Russell  Fork  divides  the  field  into  two  unequal  parts.  The  northern 
part,  from  the  river  to  the  divide  between  it  and  I^visa  Fork,  contains 
about  30  square  miles  and  is  drained  largely  by  Powell,  P^errell, 
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Beaver,  and  Grassy  creeks,  all  of  which  are  from  3  to  4  miles  in 
length.  The  southern  part  is  much  larger,  having  about  100  square 
miles,  and  includes  Elkhorn,  Pond,  and  Marrowbone  creeks.  Elk- 
hom  Creek  rises  on  the  ribrth  side  of  Pound  Gap  and  flows  northeast 
20  miles  parallel  with  Pine  Mountain  to  join  Russell  Fork  at  Praise 
(EHkhorn  City).  Marrowbone  Creek,  which  is  8  miles  long,  heads 
at  Ashcamp  Gap  and  empties  into  Russell  Fork  at  Regina,  8  miles 
below  the  mouth  of  Elkhorn  Creek.  Pond  Creek  lies  between  the 
two  and  is  scarcely  4  miles  long. 

TOPOGRAPHY. 

The  topography  of  the  eastern  part  of  Pike  County  is  rugged, 
almost  mountainous.  The  elevation  of  the  main  streams  is  between 
700  and  900  feet  above  sea  level,  while  the  summits  of  the  ridges  are 
over  1,500  feet  above  tide.  In  the  Flatwoods  area,  which  exceeds 
2,500  feet  in  general  elevation,  there  is  a  suggestion  of  the  old  Cum- 
berland plateau,  of  which  eastern  Kentucky  forms  a  deeply  dissected 
part.  This  broad,  level  mountain  top  corresponds  closely  with  the 
old  plateau,  which  has  an  elevation  of  approximately  2,400  feet  at 
Cumberland  Gap  and,  rising  northward,  is  recognized  at  3,500  feet 
on  New  River.  The  Cumberland  plateau  is  the  oldest,  highest,  and 
easternmost  of  the  Allegheny  plateaus,  and  is  so  deeply  eroded  in 
this  region  that  but  little  trace,  the  merest  suggestion  of  it,  remains. 
Its  gtMieral  slope  was  westward. 

The  valleys  have  narrow  floors  and  steep  walls  that  rise  abruptly 
several  hundred  feet  to  the  narrow  ridge  tops.  Because  there  is  prac- 
tically no  level  upland  surface  and  the  ridges  are  difficult  of  access, 
settlement  was  first  nuide  on  the  banks  of  the  main  stream,  whence  it 
spread  gradually  up  the  side  ravines. 

The  elevation  of  Russell  Fork  at  Millard  is  GSO  feet  above  tide,  at 
the  mouth  of  Road  Creek  720  feet,  at  the  mouth  of  Ferrell  Creek  755 
feel,  and  at  the  State  line  in  the  Breaks  about  000  feet.  This  differ- 
ence of  220  feet  in  14i  miles  gives  an  avera<re  fall  of  a  little  over  15 
feet  per  mile.  P^lkhorn  Creek  falls  700  feet  from  head  to  mouth,  an 
average  of  38  feet  per  mile  for  20  miles.  Marrowbone  Creek  has  a 
fall  of  nearly  50  feet  per  mile  in  the  lower  6  miles  of  its  course. 

Pine  Mountain,  which  marks  the  southern  boundary  of  the  Elk- 
horn field,  presents  a  type  of  topography  found  in  the  Appalachian 
Valley  from  New  York  to  Alabama.  Tt  is  a  ridge  formed  by  the 
upturning  of  hard  strata,  the  Lee  conglomerate,  which  dips  southeast 
at  an  angle  of  25°  and  which  is  bounded  on  the  northwest  by  a  great 
fault.  The  crest  of  Pine  Mountain  is  comparatively  straight,  but 
more  or  less  serrate.  Tt  has  a  general  altitude  of  JkOOO  feet,  with  no 
low^  gaps  between  Pineville  and  the  Breaks  of  Sandy,  a  distance  of 
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85  miles.  The  heavy  sandstone  and  conglomerate  beds  resist  erosion, 
so  that  the  crest  has  retreated  but  little  from  the  line  of  the.  fault. 
This  fault  brings  the  coal-bearing  rocks  on  the  west  to  an  abrup^.end 
on  the  flank  of  the  mountain  and  raises  lower  barren  rocks  high  above 
them  on  the  east,  making  a  scarp  which  is  difficult  to  crass. 

Because  of  the  deeply  dissected  character  of  the  region,  its  narrow 
valleys  and  sharp-crested  ridges,  and  because  the  base  of  the  coal- 
bearing  formation  is  at  or  not  far  below  water  level,  the  workable 
coals,  which  are  in  the  middle  of  the  formation,  occur  high  in  the 
hills.  Within  2  miles  of  Russell  Fork,  on  both  sides,  the  Elkhorn 
coals  are  so  high  in  the  hills  that  they  have  only  a  small  body  and 
very  irregular  outlines. 

This  topography,  however,  does  not  hinder  coal-mining  operations, 
for  by  frequent  bridging  or  fording  of  the  stream  room  may  be  found 
on  each  valley  floor  for  the  accommodation  of  a  highway  and  railroad. 
Of  necessity  any  considerable  settlement  must  be  extended  along 
the  valleys. 

ACCESSIBILITY   OF  THE  REGION. 

Pine  Mountain,  which  forms  the  State  line  and  cuts  off  the  coal 
field  on  the  east,  has  always  hindered  approach  from  Virginia.  To 
the  east  it  presents  a  steep,  timbered  slope  rising  1,500  to  2,000  feet 
abo\e  the  surrounding  country  to  a  crest  in  which  there  are  no  pro- 
nounced gaps  for  many  miles.  The  Breaks  of  Sandy,  at  the  north- 
ern end  of  the  mountain,  through  which  the  drainage  of  Dickenson 
County,  Va.,  finds  its  way  westward,  is  a  box  canyon  a  thousand 
feet  deep  and  a  difficult  place  in  which  to  build  either  highway  or 
railroad.  Its  precipitous  rocky  walls,  capped  with  "  chimneys " 
and  towers,  with  the  dashing  stream  far  below,  make  some  of  the 
wildest  scenery  to  be  found  in  this  section  of  the  country. 

On  account  of  this  great  natural  barrier  on  the  southeast  practically 
all  approach  to  the  region  is  from  the  north,  by  way  of  Big  Sandy 
River.  Until  1906  Pike  County  was  accessible  only  by  wagon,  ex- 
cept at  intervals  when  a  flood  stage  on  the  river  made  it  possible  for 
steamers  of  shallow  draft  to  ascend  as  far  as  Pikeville,  but  this 
method  of  transportation  was  infrequent  and  precarious. 

Highways  over  which  wagons  may  pass  without  difficulty  are  con- 
fined to  the  valleys  of  the  main  streams.  In  many  places  the  valley 
floor  is  so  narrow  that  the  road  and  stream  bed  are  coincident  or 
cross  each  other  at  intervals.  The  principal  road  to  this  coal  field 
is  the  highway  from  Pikeville  to  Virginia  via  the  Breaks  of  Sandy. 
In  the  region  shown  on  PL  I  it  extends  up  the  left  side  of  Russell 
Fork  to  the  mouth  of  Grassy  Creek,  which  it  ascends  to  reach  the 
upland  and  pass  around  the  Breaks.  Another  much-traveled  road 
runs  up  Marrowbone  Creek,  over  xVshcamp  Gap,  to  the  mouth  of 
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Ashcamp  Creek,  where  it  joins  the  road  that  extends  along  Elkhom 
Creek.  Wagons  cross  Pine  Mountain  over  Pound  Gap  at  the  head  of 
Elkhom  Creek  and  over  Blowing  Rock  Gap  opposite  Ashcamp  Creek. 
There  is  a  haul  or  sled  road  over  the  mountain  at  Osbom  Gap,  oppo- 
site Shelby  Gap,  which  is  halfway  between  the  gaps  just  mentioned 
and  about  15  miles  from  the  mouth  of  Elkhom  Creek.  There  are 
also  roads  up  Beaver,  Ferrell,  and  Road  creeks,  crossing  the  divide  to 
Ijevisa  Fork. 

There  are  no  roads  on  the  ridges.  Numerous  bridle  paths  make 
practically  all  parts  of  the  region  accessible  to  travelers  on  horse- 
back. 

In  July,  1906,  the  Big  Sandy  branch  of  the  Chesapeake  and  Ohio 
Railway  was  completed  from  Pikeville  to  Elkhorn  City  (Praise 
post-office),  at  the  mouth  of  Elkhorn  Creek,  and  to  Hellier,  near  the 
head  of  Marrowbone  Creek.  This  railroad  makes  part  of  the  Elk- 
horn coal  field  readily  accessible,  and  affords  opportunity  for  the 
development  of  the  extensive  fuel  resources  which  had  not  been 
touched  because  transportation  facilities  were  lacking.  With  the 
coming  of  the  railroad  interest  in  the  field  has  increased  and  several 
mines  are  being  opened. 

Propositions  to  tap  the  field  by  railroads  from  the  east  or  south 
have  been  frequently  promulgated.  In  190C  surveyors  were  working 
in  Dickenson  County  on  the  proposed  line  of  the  South  and  Western 
Railway,  which  aims  at  tunneling  Sandy  Ridge  at  Trammel  Gap, 
crossing  Dickenson  County  l)y  way  of  McClure  Creek  or  Cranes 
Nest  River,  following  down  Russell  Fork  to  the  Breaks  at  the  north 
end  of  Pine  Mountain,  and  connecting  at  Elkhorn  City  with  the 
Chesapeake  and  Ohio  Railway.  Another  proposed  route  extends  up 
Kentucky  River  to  the  head  of  Boone  Kork,  down  Elkhom  Creek  to 
Shelby  (lap,  and  thence  down  Shelby  Creek.  Some  gi'ading  was  done 
at  the  head  of  Shelby  Creek  and  in  Shelby  (Jap  to  hold  the  location. 
Ill  the  Breaks  of  Sandy  considerable  extravating  and  grading  has 
been  completed,  but  in  the  summer  of  11)00  construction  work  was 
not  being  done  on  any  of  the  proposed  lines. 

FOKEST. 

Originally  this  entire  region  was  covered  with  a  mantle  of  hard- 
wood foivst.  The  valley  flo(U's  and  the  lower  poilions  of  the  steep 
mountain  slopes  arc  cleared,  but  the  upper  slopes  and  tops  of  the 
ridges  are  as  yet  heavily  covered  with  timber.  Logging  has  been 
carried  on  in  the  valley  for  fifty  years,  the  logs  being  rafted  or 
floated  singly  down  the  river  at  high  water  to  mills  on  the  Ohio. 
Logs  that  have  l)een  cut  and  rolled  into  the  river  are  strewn  along 
the  banks  and  bars  waiting  for  a  "'  mountain  tide."    Rafts  are  sent 
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A.     LOG  RAFTS  ON  BIG  SANDY  RIVER. 
ShowiniT  river  at  flood  and  iourcf  of  mine  timber. 


J{      CLIFFS  OF  LEE  CONGLOMERATE  IN  THE  BREAKS  OF  BIG  SANDY.  NORTH  END  OF 

PINE   MOUNTAIN. 

PnotoK  loared  by  Jn.>.  C.  C.  Ma>3. 
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lit  with  every  big  stage  of  the  river,  but  many  logs  still  remain 
randed.  In  the  Breaks  of  Sandy  a  jam,  estimated  at  40,000  logs, 
hich  failed  to  come  down  for  four  years  because  the  river  did  not 
se  enough,  went  out  on  a  flood  in  January,  1907. 
The  most  valuable  wood  native  to  the  region,  the  black  walnut 
Juglans  7iigra)^  is  very  rare  now  in  trees  of  any  considerable  size. 
1  the  early  days  walnut  logs  were  split  for  rails  and  firewood,  and 
venty-five  years  ago  the  Singer  Sewing  Machine  Company  bought 
irge  numbers  of  walnut  trees  at  25  cents  a  piece.  Now  a  black- 
alnut  stump  will  bring  $25  or  more. 

Chestnut  (Castanea  dentata)  and  yellow  poplar  (Liriodendron 
dipt f era)  are  not  so  common  as  formerly.  At  present  white  and 
?d  oak  (Quercus  alba  and  Q,  rubra)  are  being  culled  rapidly  and 
lade  into  staves,  which  are  shipped  by  the  railroad.  Among  the 
lore  common  trees  found  in  the  Elkhom  region  and  in  eastern 
Kentucky  in  general  arc  the  sugar  maple  (Acer  aaccharum)^  white  ash 
Fraxinus  americana)^  beech  {Fagus  americana)^  hickory  {HicoHa 
lba)j  basswood  (Tilia  americana) ^  and  sycamore  {Platanus  occi- 
entalis).  IjCSS  common,  but  still  not  infrequent,  are  the  buckeye 
/EhcuIuh  octandra)^  papaw  {Asimina  triloba)^  and  cucumber  tree 
MagnoUa  aciimhiata) . 

To-day  the  landscape  from  any  of  the  highest  summits  presents  a 
lew  of  low  mountains  completely  clad  with  timber  and  with  only 
few  inconspicuous  patches  cleared  for  corn.  The  lumberman,  how- 
ler, is  beginning  to  make  rapid  inroads,  and  the  day  is  not  far  dis- 
rit  when  most  of  the  mountains  will  be  stripped  of  their  cover, 
f^ere  is  timber  in  these  mountains  of  quality  and  in  abundance  suffi- 
-nt  to  meet  the  demands  of  extensive  coal-mining  operations  and 
^'arrant  the  establishment  of  furniture,  spoke,  handle,  and  wagon 
stories.  With  the  stripping  of  the  forest,  however,  the  soil  on  the 
'^p  hills  will  be  rapidly  washed  away  and  the  sloi)es  left  bare  and 
'"ile.  Worst  of  all,  with  the  removal  of  the  forest  will  come  devas- 
?ng  floods  that  will  do  incalculable  damage  to  the  lands  and  indus- 
^^  on  the  banks  of  Russell  Fork.  PI.  II,  ^1,  shows  Big  Sandy 
^"^r  at  flood  stage  and  several  rafts  of  logs,  indicating  the  source 
'ill  abundance  of  timber  for  mine  supports  and  for  outside  con- 
^^ction. 

EARLY   I>EVKIA)PMENT   OF    MINE1L\L   RESOURCES. 

*^t  is  probable  that  small  coal  banks  were  opened  as  early  as  the 
'*^l  war,  but  they  must  have  been  few  and  little  more  than  "  gopher 
'"^s."  One  of  the  oldest  known  banks,  said  to  have  been  opened 
"^t  thirty  years  ago,  is  on  Harless  Creek,  IJ  miles  abpve  its  mouth, 
^  the  land  of  Butler  Ratliff.  This  bank  originally  supplied  fuel 
^^  the  locomotive  of  a  small  steam  tramroad  which  was  built  up  the 
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creek  for  logging.  The  need  of  fuel  for  blacksmithing  also  was  an 
early  incentive  for  digging  coal.  Some  few  banks  have  been  open 
and  supplying  winter  fuel  to  one  or  two  families  for  a  dozen  or  fif- 
teen years,  but  most  of  the  prospecting  to  locate  the  coal  beds  has 
been  done  since  1902.  Much  of  it  has  consisted  of  simple  trenching 
to  face  up  the  coal  and  measure  it,  after  which  the  opening  has  caved. 
In  a  few  places  after  the  facing  up  some  one  has  taken  the  opportu- 
nity to  drift  in  and  timber  the  opening  so  as  to  keep  the  coal  acces- 
sible. The  amount  of  development  in  this  field  prior  to  1903  was 
extremely  meager  and  of  little  or  no  importance.  Even  to  this  day, 
in  spite  of  the  abundance  of  coal,  the  principal  fuel  used  in  this  dis- 
trict is  wood. 

PRESENT  DEVELOPMENT  AND  PRODUCTION. 

Except  the  few  small  banks  which  are  kept  open  for  family  use 
and  one  or  two  which  supply  a  small  custom  trade,  the  development 
of  the  field  is  confined  to  the  upper  portion  of  Marrowbone  Creek, 
where  five  mines  have  l>een  opened.  The  buying  of  mineral  rights 
was  begun  by  R.  M.  Broas  about  July,  1885,  and  by  Wilder  and  Strat- 
ton  in  1888.  Their  purchases  were  taken  over  by  the  Elkhom 
Coal  and  Coke  Company  about  1893.  By  the  efforts  of  R.  A.  Hel- 
lier,  this  company  procured  a  considerable  block  of  coal  land  and 
transferred  its  rights  to  the  Big  Sandy  Company  in  1902. 

The  Big  Sandy  Company  now  owns  a  large  proportion  of  the 
mineral  rights  of  the  area  represented  on  the  accompanying  map. 
John  C.  C.  Mayo  commenced  buying  coal  rights  in  this  field  in 
1892  and  continued  until  he  organized  the  Northern  Coal  and  Coke 
Company  in  1901.  Practically  all  of  the  coal  land  between  Shelby 
(lap  and  the  head  of  P^lkhorn  Creek  is  owned  by  this  company, 
whi(!h  has  made  a  number  of  openings  to  show  the  character  and 
value  of  the  coal  and  has  built  beehive  ovens  near  the  head  of  EIV- 
horn  Creek  to  test  the  coking  quality  of  the  Upper  Elkhorn  ooal. 
The  Northern  Coal  and  Coke  Company  exhibited  at  the  I^uisiana 
Purchase  Exposition,  at  St.  Louis,  specimens  of  coke  made  at  the» 
ovens,  and  also  a  complete  section  of  the  H-foot  coal  bed.  Aciiv 
development  of  this  company's  property  is  delayed  by  lack  of  rau 
road  facilities.  The  Virginia  Iron,  Coal  and  Coke  Company  own 
about  2,000  acres  of  coal  land  on  Pond  Creek,  l>ut  tliere  is  no  develop- 
ment of  the  property  otiier  than  the  opening  of  a  few  small  banks. 

None  of  tliis  property  was  of  immediate  value  so  Icmg  as  there  was 
no  means  of  transportation.  The  construction  of  tlie  Big  Sandy 
l>rancli  of  the  Chesapeake  and  Ohio  Railway  to  the  mouth  of  Elk- 
horn Creek  and  up  Marrowbone  Creek  to  Cassell  Fork  was  complex 
in  June,  1900.*  Before  the  c()ni[)letion  of  the  railroad  the  Big  Sandv 
Company  had  leased  coal-mining  rights  to  five  newly  formed  compa- 
nies, and  preparations  for  extensive  mining  were  begun  at  onc*e  in  a 
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many  different  localities  on  Marrowbone  Creek.  The  companies 
which  began  active  development  work  in  the  spring  of  1906  are  the 
Greenough  Ck)al  and  Coke  Company,  the  Edgewater  Coal  and  Coke 
Company,  the  Henry  Clay  Coal  and  Coke  Company,  the  Marrowbone 
Coal  and  Coke  Company,  and  the  Pike  Coal  and  Coke  Company. 

Outside  construction  and  drifting  began  in  February,  and  in  June 
the  Pike  Coal  and  Coke  Company  shipped  the  first  car  of  coal.  In 
July,  soon  after  the  completion  of  the  railroad,  the  Pike  and  Green- 
ough mines  began  shipping  regularly,  the  former  loading  cars  from 
a  temporary  chute  and  the  latter  from  a  permanent  tipple.  The 
Greenough  Company  is  mining  the  Upper  Elkhorn  bed,  and  the 
Pike  Company  the  Lower  Elkhorn.  In  October,  1906,  the  Henry 
Clay  Company  began  loading  Lower  Elkhorn  coal  from  its  perma- 
nent tipple.  At  that  date  the  railroad  grade  was  not  completed  to 
the  Edgewater  mine,  which  is  at  the  head  of  Marrow^bone  Creek, 
and  the  tipple  for  the  Marowbone  mine  was  not  built.  A  descrip- 
tion of  the  stage  of  development  of  the  property  of  these  five  com- 
panies in  October,  1900,  will  show  the  prospects  of  the  field. 

The  PMgewater  Coal  and  Coke  Company  is  developing  a  lease  at 
the  head  of  Marrowbone  Creek  one-half  mile  north  of  Ashcamp  Gap. 
Main  gangways  are  being  driven  on  both  the  Upper  and  Lower  Elk- 
horn beds.  In  October  the  gangway  on  the  upper  bed  was  in  140 
feet  with  a  course  S.  85°  E.,  and  on  the  lower  bed  370  feet  on  a 
course  S.  83°  E.,  with  a  parallel  air  course  not  so  long.  A  tipple  and 
incline  were  being  built.  The  Edgewater  mine  is  seven-eighths  mile 
from  the  railroad.  A  grade  for  a  railroad  spur  was  built  to  it  in  the 
spring  of  1906,  but  was  too  steep  and  a  longer  one  with  easier  grade 
was  built  in  the  fall.  Outside  construction,  including  miners'  houses, 
was  barely  begun. 

'-'iThe  Greenough  Coal  and  Coke  Company  has  driven  600- foot  gang- 
virays  on  the  upper  and  lower  beds,  one  above  the  other,  at  a  point 
ftbout  300  yards  above  the  mouth  of  Cassell  Fork.  The  upper  mine 
^as  two  right  and  tw^o  left  entries  started.  It  is  reported  that  the  coal 
\eariy  pinched  out  in  the  face  of  the  lower  mine,  but  this  was  not  con- 
Vrmed  as  the  heading  was  inaccessible  on  account  of  water.  Coal 
^Us  being  shipped  from  the  upper  bed.  Miners'  houses  were  built, 
md  the  tipple  and  gravity  incline  at  this  mine  were  the  first  ones 
completed  on  the  creek.  A  roadway  has  been  graded  up  the  moun- 
iSiti  side  to  the  upper  mine,  which  is  about  350  feet  above  the  stream. 

The  Henry  Clay  Coal  and  Coke  Company  has  a  lease  on  a  block  of 
*^ftl  which  lies  on  the  north  side  of  Marrowbone  Creek  between  Poor- 

***^om  Creek  and  Big  Branch.    Development  was  begun  by  building 
i  group  of  houses  and  other  necessary  buildings  along  the  railroad 
tnd  by  starting  a  mine  on  the  Lower  Elkhorn  bed.     In  October,  1906, 
40858— Bun.  348—08 2 
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the  entry  was  550  feet  long  and  was  provided  with  a  parallel  nk 
course.  The  course  of  the  main  entry  is  N.  75^  W.,  for  450  fleet, 
where  it  turns  N.  45°  W.  Cars  from  this  entry  are  hauled  around 
the  face  of  the  hill  about  100  yards  to  the  tipple  incline,  which  is 
located  on  the  point  of  a  spur.  An  opening  had  been  driven  about 
70  feet  on  the  upper  bed  on  the  opposite  side  of  the  spur  and  was 
progressing  rapidly  in  a  N.  45°  W.  direction.  This  mine  began 
shipping  coal  from  the  lower  bed  in  October.  The  tipple  is  diredly 
on  the  railroad,  so  that  only  a  siding  is  necessary. 

The  Marrowbone  Coal  and  Coke  Company  undertook  the  dev«l(^ 
nient  of  their  property  in  May,  1906,  and  in  October  had  not  com- 
pleted the  tipple  and  siding,  although  the  building  of  this  part  of  the 
plant  and  of  houses  for  the  miners  was  progressing.  This  company's 
lease  is  on  tlie  south  side  of  Marrowbone,  nearly  opposite  the  mouth 
of  Rockhousc  Civek.  At  this  point  the  Upper  Elkhom  coal  is 
about  570  feet  above  the  railroad  and  stream.  Entries  on  both  beds 
are  driven  S.  30*^  E.  One  on  the  upix;r  beil  had  reached  127  feet  and 
two  on  the  lower  bed  125  feet. 

The  Pike  Coal  and  Coke  Company  began  construction  of  houses 
and  a  company  stoi*e  in  February  and  shipped  coal  early  in  July, 
11)0().  Mon*  work  was  done  on  the  lower  than  on  the  upper  bed,  and 
on  SeptenilK»r  1  the  lower  mine  had  a  main  gangway  720  feet  long 
with  a  parallel  air  course,  and  a  left  entry  350  feet  long,  with  an  air 
course.  Three  rooms  from  30  to  70  feet  long  have  l)een  cut  from 
this  entry.  At  i\w  same  time  the  entry  of  the  upix»r  mine  had  ad- 
vanced 240  feet.  Fomulation  for  a  iHTUianent  tipple  was  laid  in 
October,  cars  then  IxMug  loaded  from  a  temporary  chute. 

All  of  these  mines  luv  using  the  njom-aiul-pillar  system,  and  the 
coal  is  shot  from  the  solid.  Mining  machines  have  not  yet  been  in- 
stalle<l.  The  mines  are  ventilated  l)v  furnace,  and  the  hauling  is 
(lone  by  mules.  Natural  drainage  is  obtained.  Miners  are  paid  $3.75 
a  yard  for  driving  headings  <»  feet  high  and  for  mining  at  the  rate 
of  (U)  cents  for  a  li-ton  car.  Miners  working  in  the  I^wer  Elkhom 
Ihm!  are  paid  70  cents  a  car,  the  higher  rate  IxMng  demandeil  for 
throwing  out  the  laminated  coal.  All  of  the  mines  have  had  diffi- 
culty in  getting  enough  niinei*s  and  were  working  short-handed.  The 
<Iaily  j)ro(lnction  of  the  tlnve  mines  which  were  shipj>ing  in  Octol)er, 
1I)(M),  was  as  f(»llows: 

hail  If  prndurtinn  o/  niinrs  nn  Marrntrhnnr  <'nrh\  (h-fohrr,  ti)fHi, 

Tonn. 
<i!nHMi(ni^h  mine  frnin  rpper  KIkliorn  iMil __ oq 

Henry  CUiy  iiiiiu'  from  Lowor  Klkhorii  IknI 50 

Pike  mine  from  I^nvor  Klkborn  bod 110 
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A  very  rapid  increase  in  the  amount  of  coal  produced  and  shipped 
was  possible  as  soon  as  outside  construction  could  be  completed  and 
a  greater  number  of  miners  procured." 

From  the  above  statements  it  is  apparent  that  here  is  a  coal  field 
as  yet  practically  untouched  which  is  just  entering  upon  a  period 
of  active  development.  Whether  the  mine§  above  described  are 
located  in  the  best  part  of  the  field  so  far  as  thickness  and  quality 
of  the  coal  are  concerned  is  a  question.  Certainly  there  are  areas  in 
which  the  beds  are  thicker,  or  at  least  one  bed  has  a  much  greater 
thickness  than  either  of  those  mined  on  Marrowbone  Creek,  but  in 
one  place  the  body  of  coal  to  work  upon  is  small  and  the  cover  is 
slight,  being  located  near  the  top  of  narrow-crested  ridges,  and  in 
another  place  the  desirable  district  is  much  less  accessible.  It  is 
possible  that  from  the  beginning  here  described  a  considerable  min- 
ing industry  may  grow  up  and  the  Elkhorn  field  of  Kentucky  become 
known  for  the  excellent  quality  of  its  steaming  and  coking  coal. 

MARKET. 

The  natural  outlet  for  the  coal  and  coke  of  the  eastern  Kentucky 
fields  is  the  Ohio  Valley.  Geographic  conditions  make  the  market 
of  the  immediate  future  lie  to  the  north,  w^est,  and  south.  The  Appa- 
lachian Mountains  form  a  natural  barrier  which  hinders  the  delivery 
of  coal  to  the  east.  There  is  a  possibility,  however,  that  within  a 
few  years  there  may  be  a  railroad  from  the  Atlantic  seaboard  directly 
across  the  mountains  to  this  coal  field.  The  market  in  the  Ohio  and 
Mississippi  valleys  is  of  sufficient  size  to  handle  all  of  the  coal  that 
will  be  poured  into  it.  With  Chicago  receiving  10,000,000  tons  of 
bituminous  coal  annually,  Cleveland  6,000,000,  Cincinnati  4,000,000, 
and  Toledo  and  St.  Louis  7,000,000  each,  there  is  an  abundant  market 
to  which  the  Elkhorn  field  is  directly  accessible. 

The  Chesapeake  and  Ohio  Railway,  as  explained  in  the  introduc- 
tion, extends  into  the  heart  of  this  field.  It  needs  but  the  construc- 
tion of  a  few  miles  of  track  to  bring  any  point  in  the  field  in  direct 
connection  with  the  main  line.  Millard,  at  the  mouth  of  Russell  and 
Levisa  forks,  is  a  natural  collecting  point.  The  following  table  shows 
the  distances  and  routes  from  Millard,  in  the  heart  of  the  Elkhorn 
field,  to  some  of  the  principal  markets  which  the  field  may  supply : 

Distances  and  routes  from  Millard, 

MilCR. 

Ashland  and  Ironton,  via  Ches«i>etike  and  Ohio  Railway 121 

Cincinnati,  via  Chesapeake  and  Ohio  Railway 2G7 

Columbus,  via  Chesapeake  and  Ohio  Railway  and  Norfolk  and  Western 
Railway 255 

•  In  April.  1007,  the  dally  capacity  of  the  five  mines  whm  about  1.000  tons,  but  the 
supply  of  cmn  was  short  and  irregular. 
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Mile& 
Cleveland,  via  Chesapeake  aud  Ohio  liallway,  Norfolk  and  Western  Rail- 
way,  Cleveland,   Cincinnati,   Chicago  and   St  Louis  Railway 390 

Toledo,  via  Chesapeake  aud  Ohio  Railway,  Norfolk  and  Western  Railway, 

and  Hocking  Valley  Railway 379 

Chicago,  via  Chesai)eake  and  Ohio  Railway  and  Cleveland,  Cincinnati,  Chi- 
cago and  St  Louis  Railway 5T3 

Indiana ix)lis,   via  Chesapeake  and   Ohio  Railway  and  Cleveland,  Cincin- 
nati,  Chicago  and   St   Louis  Railway 8T7 

lA?xington,  via  Chesaiieake  and  Ohio  Raillway 2tf 

Louisville,  via  Che8ai)eake  aud  Ohio  Railway 390 

St.  liouis,  via  Chesai)eake  and  Ohio  Railway  and  Southern  Railway OM 

Nashville,  via  Chesai>eake  and  Ohio  Railway  and  Ijouisville  and  Nashville 
Railroad HT 

The  relation  of  the  Elkhorn  field  to  these  markets  is  illustrated  in 
the  accompanying  sketch  map  (fig.  1). 


Fui.  1.     Sketch  map  showing;  location  of  p:ikhorn  coal  field  with  relation  to  market*. 

genkraTj  gkolo(;y. 

stratigraphy. 

GENKHAL   DKSCUIITIOX. 

The  rooks  exposed  at  the  surface  in  the  Elkhorn  coal  field  l)elong 
to  the  lower  part  of  the  Carboniferous  system.  They  consist,  be- 
«rinning  with  the  h)west,  of  the  Newman  limestone,  Pennington 
shale,  Ix^e  ccmglomerate,  and  a  coal-bearin<r  series  w^hich  has  not 
been  divided  into  fonnations.  It  is  j>()ssible  that  the  Chattanooga 
shale,  which  lies  next  below  the  Newman  limestone,  is  above  water 
level  on  the  north  side  of  Pine  Mountain,  near  the  head  of  Elkhorn 
Crwk,  but  if  it  is  raised  al)ove  the  overturned  edges  of  the  coal- 
bearing  rocks  in  this  field  it  is  likely  that  talus  from  the  fault  scarp 
conceals  it. 
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NEWMAN    LIMESTONE. 


This  formation,  which  includes  all  the  strongly  calcareous  rocks 
n  this  part  of  the  geologic  column,  is  named  from  Newman  ridge, 
n  northern  Tennessee.  It  varies  in  thickness  from  200  or  300  feet 
ip  to  2,600  feet.  The  formation  is  not  all  limestone,  but  includes 
:alcareous  and  sandy  shales  and  sandstones.  Massive  and  pure 
imestone  forms  at  least  the  lower  half  and  there  are  some  chert 
lodules  at  the  base.  The  Newman  limestone  is  well  exposed  at  Big 
5tone  Gap,  Wise  County,  Va.,  where  it  has  a  thickness  of  829  feet." 
rhe  lower  400  feet  is  solid  limestone,  and  the  upper  part  is  com- 
)osed  of  dark  shales  and  sandstones  with  thin  beds  of  impure  lime- 
stone. 

In  the  Elkhorn  field  exposures  of  the  Newman  limestone  are  nu- 
nerous  in  sheer  cliffs  on  the  north  side  of  Pine  Mountain,  but  neither 
he  thickness,  limits,  nor  section  of  the  formation  could  be  obtained 
with  any  degree  of  accuracy  on  any  of  the  roads  that  cross  the 
nountain.  It  is  best  shown  on  the  Blowing  Rock  Gap  road.  Here 
ime^stone  is  found  through  a  vertical  distance  of  650  feet,  the  high- 
est outcrop  seen  in  the  road  being  about  400  feet  below  the  gap.  No 
'ocks  in  place  were  seen  within  100  feet  above  the  highest  or  below  the 
owest  limestone  outcrop,  so  that  considering  the  dip  of  the  beds, 
here  is  ample  room  for  1,000  feet  of  this  formation.  Shaly  sand- 
stones and  red  shale  are  contained  in  the  upper  part  of  the  forma- 
ion  as  seen  on  this  road.  The  limestone  itself  is  blue  to  drab  or 
ight  gray,  and  weathers  white,  so  that  the  outcrops  and  bowlders  of 
t  are  conspicuous. 

On  the  road  ascending  the  mountain  from  Shelby  Gap  to  Osborn 
5ap  almost  no  limestone  is  exposed.  In  a  vertical  distance  of  800 
■eet  between  beds  of  sandstone  only  one  outcrop  of  limestone  was 
loted.  On  Pound  Gap  road  about  100  feet  of  limestone  is  overlain 
>y  a  heaiy  sandstone  supposed  to  be  the  bottom  member  of  the  Pen- 
lington  and  is  underlain  by  15  feet  of  shale,  below  which  is  sandstone. 
Aether  these  rocks  belong  in  the  Newman  is  not  certain,  but  it  seems 
>robable  that  they  do.  The  lowest  outcrop  of  limestone  is  about 
150  feet  above  the  supposed  line  of  the  fault.  The  writer  is  of  the 
opinion  that  only  350  feet  of  this  formation,  including  sandstone, 
hale,  and  100  feet  of  limestone,  is  exposed  here,  and  that  the  lower 
«rt  of  the  formation,  made  up  of  heavy  beds  of  limestone,  was 
ever  raised  to  the  surface. 

PENNINGTON   SHALE. 

Above  the  Newman  limestone  lies  a  series  of  variegated  shales  and 
indstones  of  variable  thickness.     Green,  blue,  olive,  red,  and  purple 

•  Campbell.  M.  B..  Geology  of  the  Big  Stone  Gap  coal  field  of  Virginia  and  Kentucky  : 
ull.  V.  8.  Geol.  Survey  No.  Ill,  189a,  p.  38. 
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shales  are  the  distinctive  features  of  the  formation.  On  the  south 
slope  of  Powell  Mountain  it  has  an  (.extreme  thickness  of  1^00  feet 
At  Pennington  Gap,  the  type  locality,  and  at  Big  Stone  Gap  it  is 
1,025  feet  thick;  at  Hurricane  Gap,  in  Pine  Mountain,  it  is  890  feet 
thick.  At  Big  Stone  Gap  there  is  over  250  feet  of  fairly  heavy  sand- 
stone at  the  bottom  of  the  formation." 

On  the  north  side  of  Pine  Mountain  at  Blowing  Rock  Gap  there  is 
a  concealed  interval  of  about  100  feet  above  the  highest  outcrop  of 

limestone.  Above  this  there 
is  about  300  feet  of  sand- 
stone (principally) ,  supposed 
to  be  the  lower  portion  of 
the  Pennington.  Overlying 
a  very  heavy  sandstone  which 
makes  a  strong  cliff  just  be- 
low the  gap  is  a  mass  of 
strongly  colored  shale  whidi 
is  exposed  in  the  gap  itself. 
The  Lee  conglomerate  lies 
only  a  few  feet  above.  There 
is  then  at  least  500  or  600 
feet  of  Pennington.  Either 
the  variegated  shales  and 
thin  sandstones  which  ap- 
pear farther  south  to  the 
thickness  of  several  hundred 
feet  were  not  laid  down  here 
or  a  considerable  portion  of 
them  was  worn  away  as  s 
land  area  previous  to  the 
deposition  of  the  Lee  con- 
glomerate. 

At  Poimd  Gap  from  the 
base  of  the  IjCc  conglomer- 
I'ouuii  (;u|.  to  ^^i^.  to  the  base  of  a  heavy 
sandstone  resting  on  white 
limestone,  which  is  believed  to  be  the  top  of  the  Newman,  there  u?« 
vertical  interval  of  250  feet,  but  the  thickness  of  the  Pennington  is 
considerably  greater.  The  dip  of  the  rocks  ranges  from  18°  to  25^ 
l)ut  tlie  actual  tliickness  of  the  formation  was  not  determined  because 
the  horizontal  factor  was  unknown.  Typical  red  and  green  Penning- 
ton sliales  are  exposed  in  the  midst  of  the  interval.  The  accompany- 
iufr  section  (fi":.  2)  from  i\w  north  side  of  tlie  mountain  is  out  of  pro- 

«•  CamphoM.  M.  U.,  Coolopy  of  the  Hip  Storu"  (lap  coal  tteld  of  Virginia  and  Kentndy: 
Bull.  r.  S.  (Jt'ol.  Surv«\v  No.  111.  ISO.'t,  p.  .'17. 
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portion,  the  horizontal  distance  from  Elkhom  Creek  to  the  crest  of 
the  mountain  being  approximately  three- fourths  of  a  mile. 

The  thickness  of  the  Pennington  formation  at  Osborn  Gap  could 
not  be  determined.  The  bottom  of  the  highly  colored  shale  is  300 
feet  below  the  base  of  the  Lee,  and  it  is  underlain  by  50  feet  or 
more  of  sandstone.  From  the  bottom  of  the  Lee  to  the  first  lime- 
stone seen  in  the  road  is  700  feet  vertically.  Allowing  for  the  dip 
of  the  rocks  and  grade  of  the  road  there  may  be  1,000  feet  or  more 
of  the  Pennington  at  this  point. 

LEE    C/C)N(JU)MERATE. 

Above  the  Pennington  shale  and  immediately  below  the  coal- 
bearing  rocks  there  is  a  great  thickness  of  heavy  sandstones  and  con- 
glomerate which  is  known  in  this  part  of  the  Appalachian  region  as 
the  Lee  conglomerate.  In  the  Elkhorn  field  it  has  a  thickness  of  1,000 
feet  or  more  and  is  composed  of  thick  beds  of  fine  conglomerate  at 
the  top  and  bottom,  with  softer  sandstone  and  shale  and  one  or  two 
small  coal  beds  in  the  middle. 

The  Lee  conglomerate  is  exposed  all  along  the  crest  of  Pine 
Mountain  at  the  southeastern  edge  of  this  field,  and  also  along  Rus- 
sell Fork  from  the  Breaks  to  a  little  below  the  mouth  of  Elkhorn 
Creek.  Elkhorn  City  is  located  directly  on  it,  and  the  formation, 
which  rises  gradually  toward  the  fault  at  the  mouth  of  Grassy  Creek. 
makes  the  walls  of  the  gorge  below  that  point.  AMiite,  opaque 
quartz  pebbles  up  to  a  (fuarter  of  an  inch  in  diameter  are  common 
in  the  top  and  bottom  members  of  the  formation  and  give  to  it  the 
name  of  '*  hailstone  rock.''  The  cementing  material  is  not  alwavs 
strong  and  the  quartz  lobbies  are  abundant  in  the  streams  that 
flow  off  the  formation.  Along  parts  of  the  crest  of  Pine  Mountain 
where  the  base  of  the  I^ee  has  l)een  deeply  weathered  the  surface  is  so 
covered  with  pebbles  as  to  resemble  the  ground  after  a  hailstorm. 

The  writer  did  not  measure  a  section  of  the  Jjee,  The  base  forms 
the  crest  of  Pine  Mountain,  and  the  rest  of  the  formation,  dipping 
at  an  angle  of  25°,  is  exposed  on  the  eastern  slojw  of  the  moimtain 
in  Virginia  in  such  a  manner  that  an  accurate  section  can  not  be 
obtained.  At  the  Breaks  of  Sandy  the  T^ee  is  exposed  in  cliffs 
nearly  1,000  feet  high  (PI.  II,  Z?,  p.  14)  and  so  nearly  vertical  as  to  be 
difficult  of  ascent.  The  formation  as  shown  there  appears  to  be  com- 
posed very  largely  of  sandstone. 

A  characteristic  feature  of  the  I^ee  conglomerate  as  noted  in  several 
places  is  the  very  strong  cross-bedding  within  50  feet  of  the  top. 
This  is  well  exposed  at  the  lower  end  of  the  Breaks  about  3  miles 
above  Elkhom  City.  Here  between  horizontal  beds  of  coarse  sand- 
stone from  5  to  6  feet  apart  are  sandstone  strata  a  foot  thick,  dipping 
westward  at  an  angle  of  20"^. 
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There  arc  said  to  be  two  or  three  small  coal  beds  in  the  Lee,  but  the 
writer  did  not  see  any  in  this  district.  It  is  reported  on  good  au- 
thority that  a  2- foot  bed  outcrops  at  the  mouth  of  Grassy  Creek  and 
also  in  the  gorge  three-quarters  of  a  mile  below,  but  the  former  was 
not  found  when  sought  and  the  latter  is  said  to  be  exposed  at  only 
low  stages  of  the  river. 

COAL-BEARINfl    ROCKS. 

Immediately  above  the  Lee  conglomerate  there  is  a  series  of  sand- 
stones and  shales  al)out  2,000  feet  thick,  which  will  be  described 
in  this  report  as  the  co*al-l)earing  rocks,  because  they  contain 
all  the  workable  coals  and  because  data  has  not  been  obtained  suf- 
ficient for  dividing  them  into  formations.  In  the  Sistillville  and 
Bristol  folios  of  the  (Jeologic  Atlas  of  the  United  States,  which  con- 
tain descriptions  of  coal  areas  south  of  this  in  Virginia,  roc^ks  1,200 
feet  thick  overlying  the  IjOc  are  called  the  Norton  formation  and 
are  overlain  by  the  Gladeville  sandstone  and  Wise  formation.  It 
is  probable  that  in  the  Elkhorn  region  rocks  several  hundred  feet 
thick  above  the  I^ee  belong  to  the  Norton  formation  as  described 
in  Virginia,  but  the  upper  limit  of  the  Norton  was  not  definitely 
recognized,  and  as  it  is  possible  that  there  is  considerable  thinning 
of  the  fornuitions  in  this  direction  it  seems  best  in  this  ]*econnaissance 
report  to  make  no  attempt  at  a  division  of  tlie  coal-bearing  rocks 
into  formations.  The  name  coal-lu^aring  rocks  in  this  report  refers 
to  the  scries  of  sandstones,  shales,  and  coals  which  extend  from  the 
top  of  the  liCe  conglomerate  to  the  highest  rocks  outcropping  in 
the  Flat  woods  area. 

T\\{\  coariu^iiing  rocks  form  the  surface  of  the  entire  region  here 
di'scrihed  except  a  narrow  lH»lt  along  the  north  side  of  Pine  Moun- 
tain. Short  sections  may  be  measured  almost  anywhere  in  the  field, 
l»nt  sections  of  (»00  or  800  feet  can  be  seen  to  advantage  only  in  the 
Mnfi's  along  Kussell  Fork.  In  the  hlntl  at  the  mouth  of  Elkhorn 
(reek  the  rocks  are  exposcnl  from  the  top  of  the  l^e  to  the  I^wer 
Klkhorn  coal,  a  distance  of  ahont  SOO  fevt.  Here,  as  elsewhere  in 
the  field,  clill's  are  formed  i)V  the  massive  sandstones. 

A  generalized  section  of  these  rocks  made  up  from  measurement-s 
taken  in  diU'erent  parts  of  the  field  and  averaged  represents  graphi- 
cally dig.  'V)  the  se(iuence  of  the  nn'ks.  It  should  be  undei^stootl 
that  the  sandstones  are  massive,  thin-bedded,  and  shaly,  and  the 
shales  are  e(|ually  variable.  Furthermore,  the  beds  change  in  char- 
acter as  well  as  in  thickness  along  their  lateral  extent.  These  facts 
necessarily  make  a  section  intended  to  represent  the  whole  field 
nierely  a  suggestion  of  the  seijuence  of  nx'ks  which  is  not  to  be  relied 
upon  as  everywhere  true.  The  section  shows  tliat  the  lower  400  feet 
is  more  thin-bedded  and  shaly  than  the  GOO  feet  lying  next  above; 


STRATIGRAPHY, 


25 


and  it  makes  plain  that  the  upper  1,000  feet  is 
more  sandy  and  the  beds  are  more  massive  than 
the  lower  1,000  feet.  Workable  coal  beds  are 
largely  in  the  lower  half  of  the  formation. 

The  bottom  member  is  a  30-  to  50- foot  bed  of 
dark  shale  w^hich  rests  upon  Lee  conglomerate. 
The  road  from  Elkhorn  City  to  the  Breaks  is 
cut  in  this  shale  much  of  the  way.  Above  it  lies 
a  20- foot  bed  of  massive,  yellowish-gray  quartz- 
ose  sandstone,  which  is  to  be  seen  only  on  Rus- 
sell Fork  and  the  lower  part  of  Elkhorn  Creek. 
It  makes  a  strong  ledge  which  passes  below 
wat€r  level  just  below  the  mouth  of  Beaver 
Creek.  A  coal  bed  averaging  30  inches  thick 
and  known  locally  as  the  Elswick  bed  lies  on 
top  of  this  sandstone. 

Next  above  this  is  60  or  70  feet  of  shale  which 
carries  large  calcareous  nodulas.  Some  of  these 
nodules  are  1  to  3  feet  in  diameter.  They  occur 
at  certain  horizons  rather  than  scattered  through 
the  whole  shale  bed.  A  section  near  the  mouth 
of  Moores  Branch  shows  over  80  feet  of  this 
shale,  but  a  short  distance  farther  down  the 
railroad  there  is  a  10-foot  bed  of  sandstone  in 
the  midst  of  it.  The  shale  between  the  Elswick 
coal  and  this  sandstone  is  almost  black,  of  a 
somewhat  lumpy  character,  and  carries  a  few 
marine  fossils. 

A  40-foot  massive  sandstone  occurs  150  feet 
above  the  Lee;  then  comes  50  feet  of  thin  sandy 
beds  and  a  25-foot  massive  bed  of  sandstone, 
above  which  lies  the  Auxier  coal.  This  coal  is 
about  3  feet  thick  and  is  overlain  by  100  feet 
of  thin-bedded  shales  and  sandstones,  in  the 
middle  of  which  is  sometimes  found  a  1-foot 
coal  bed.  The  upper  part  of  this  interval  may 
in  places  be  ciccupied  by  massive  rather  than 
thin  sandstones. 

A  coal  which  is  at  many  places  of  workable 
thickness  lies  160  feet  above  the  Auxier  coal,  or 
440  feet  above  the  Lee  conglomerate.  This  bed 
is  opened  at  several  points  on  the  river  below 
Ferrell  Creek.  For  convenience  in  description, 
it  will  be  called  the  Millard  coal,  for  it  has  been 
opened  at  jt  number  of  places  near  Millard,  at 
the  junction  of  Russell  and  Levisa  forks. 
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Between  this  coal  and  the  one  next  above,  which  will  be  called  the 
Bingliam  bed,  there  is  150  feet  of  sandstone.  The  lower  portion  is 
thin-bedded  and  shaly,  while  the  part  just  under  the  Bingham  coal 
is  massive.  The  Bingham  Iwd  is  a  little-known  coal  al>out  30  inches 
thick,  which  has  been  opened  at  only  a  few  places.  For  convenience 
in  de.scription  the  writer  has  applied  to  this  coal  the  name  of  a  man 
living  on  the  head  of  Ferrell  Creek,  who  opened  a  pit  on  this  coal 
several  years  ago.  Sandstones,  massive  and  shaly,  to  a  thickness 
of  170  feet  lie  between  it  and  the  Lower  Elkhorn  coal,  which  is  next 
above. 

The  Lower  Elkhorn  coal  is  found  in  this  region  about  800  feet 
above  the  Lee  conglomerate.  It  is  a  bed  of  variable  thickness, 
measuring  from  Ji  to  8  feet.  An  average  of  34  sections  taken  at  as 
many  different  localities  gives  a  thickness  of  4  feet  3^  inches  for  the 
bed.  The  distance  between  the  Lower  and  Tapper  Elkhorn  l^eds  is 
180  fet^t,  more  or  less.  Shale  or  thin-bedded  sandstone  makes  up  the 
lower  part  of  this  interval,  while  rather  massive  sandstone  occupies 
the  upix»r  half.  This  makes  the  Upper  P21khorn  coal  about  950  feet 
above  the  base  of  tlie  formation. 

The  lJpi)er  Elkhorn  coal  is  from  3  to  9  feet  in  total  thickness.  It 
averages  al)out  4  feet  in  most  of  the  area.  This  is  the  thickest  of  the 
workable  coals  occurring  extensively  throughout  the  field.  Two  l>eds 
reportcil  as  alM)ve  the  Upper  Klkhorn  are  so  high  in  the  hills  that  they 
have  Ikhmi  prospecteil  but  little,  and  exposures  were  not  seen  by  the 
writer.  One  of  these  is  said  to  be  SO  feet  and  the  other  alx)ut  !i3o 
feet  above  the  Upper  Klkhorn  coal.  Each  will  yield  an  average 
thickness  of  3  feet  of  coal. 

Four  hundred  feet  of  rocks  above  the  Upper  Elkhorn  coal  are  made 
up  about  eipially  of  sandstone  and  shale.  Then  comes  a  massive, 
coars<»-graine(l  sandstone  about  100  feet  thick,  which  is  exposed  at 
the  head  of  Cassell  Kork  of  Marrowbone  Creek.  Its  position  is  so 
high  that  it  overtops  the  hills  in  a  large  ])art  of  the  area  here  dis- 
cussed, and  is  seen  principally  in  the  Flatwoods  district.  Like  the  Ijee, 
it  is  very  (juartzose,  has  a  gray  weathered  surface,  and  may  possibly 
carry  small  (|uartz  ])el)l)les,  although  none  were  seen  in  the  exiK>sui'e 
on  Cassell  Fork.  This  sandstone  is  about  500  feet  Ixdow  the  upland 
level  known  as  the  Flatwoods. 

Al)(»ve  this  sandstone  lies  a  series  of  coal-bearing  rocks  000  feet 
thick,  which  are  found  in  the  Elkhorn  field  only  in  the  elevatetl 
region  between  the  heads  of  Klkhorn  and  Shelby  creeks.  The  detail 
of  these  beds,  as  measured  by  David  White,  is  as  follows:  At  the 
head  of  (\iss(dl  Fork  a  17-foot  coal  bed,  known  as  the  Flatwoods 
coal,  has  been  opened  about  30  feet  above  the  massive  sandstone  just 
mentioned.    Above  this  coal  is  100  feet  of  thin-bedded  and  150  feet  of 
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massive  sandstone,  some  of  which  is  strikingly  pink  on  fresh  frac- 
ture. The  massive  sandstone  is  overlain  by  20  feet  of  shale,  above 
which  is  a  small  coal  bed.  Above  the  coal  is  110  feet  of  sandy  shale 
with  a  band  of  limestone  nodules  near  the  top.  Next  above  this,  or 
380  to  400  feet  above  the  Flatwoods  coal,  is  about  150  feet  of  massive 
sandstone,  which  forms  a  cliff  around  the  edge  of  the  Flatwoods  area. 
A  coal  bloom  was  seen  about  40  feet  above  this  massive  sandstone, 
and  the  highest  rocks  noted  were  sandy  shale.  A  4-foot  coal  re- 
ported **  about  530  feet  above  the  Flatwoods  coal,  close  to  the  top  of 
the  hill,  may  be  the  one  last  mentioned. 

STRUCTURE. 

IMPORTANCE  OF  DETERMINATION   OV  8TRITCTTTRE. 

In  the  investigation  of  any  coal  field  one  of  the  principal  questions 
to  l)e  answered  is,  What  is  the  position  of  the  coal  beds;  are  they 
flat,  folded,  or  strongly  inclined  from  the  horizontal?  This  knowl- 
edge is  as  important  as  a  knowledge  of  the  quality  of  the  coal.  In 
the  first  place,  to  the  prospector  a  knowledge  of  the  structure  serves 
as  a  guide  for  tracing  the  outcrops  of  the  beds.  If  the  structure  is 
flat,  then  the  coal  should  be  found  at  the  same  elevation  on  l)oth 
sides  of  the  hill  or  valley;  if  it  dips,  then  the  coal  may  be  expected 
at  a  lower  or  higher  elevation,  according  as  the  dip  is  with  or  opposed 
to  tlie  direction  of  advance.  In  the  location  of  mines  a  knowledge 
of  the  structure  of  the  field  as  a  whole  is  invaluable  for  their  success- 
ful development  and  oi:)eration.  An  outcrop  entry  or  a  shaft  should 
be  so  located  that  there  will  be  natural  drainage  to  it;  in  other 
words,  entry  on  a  coal  bed  should  begin  at  the  lowest  point.  This  is 
essential  to  facilitate  drainage  and  the  delivery  of  loaded  cars  from 
the  breast  to  the  mouth.  Having  a  knowledge  of  the  structure,  an 
engineer  can  lay  out  his  mine  before  breaking  ground. 

That  the  rocks  do  not  lie  flat  in  this  field  is  seen  readily  by  noting 
how  the  Elswick  coal  dips  below  the  railroad  at  Moores  Branch ;  it  is 
shown  by  the  way  some  coal  banks  drain  in  and  others  drain  out. 

METHOD  OF  DETERMINING  AND  REPRESENTING  STRI  CTURE. 

The  metho'd  usually  employed  in  working  out  the  structure  of  a 
coal  field  where  the  rocks  have  not  been  excessively  disturbed  is  to 
select  some  conspicuous  member  of  the  formation  and  obtain  its 
actual  or  relative  elevations  by  aneroid,  hand  level,  or  spirit  level  at 
as  many  points  as  possible  or  necessary  throughout  the  area.  The  re- 
lation of  the  reference  stratum  to  any  particular  coal  bed  being 
known,  and  the  interval  between  the  beds  l)eing,  presumably,  practi- 

•  Crandall,  A.  R.,  CoalB  of  the  Big  Sandy  Vall<'y  :  Kentucky  Geol.  Survey  Bull.  No.  4, 
1905.  p.  116. 
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cally  constant  over  a  limited  area,  the  lay  of  the  coal  can  be  worked 
out  from  the  elevations  on  the  reference  stratum.     Structure  may  be  • 
i-epresented  by  cross  sections  or  by  contour  lines.    The  latter  method 
gives  the  information  much  more  completely  than  is  possible  nith 
CFQ6S  sections  and  is  being  commonly  used.    Contours  are  lines  41^- 
necting  points  of  equal  elevation  on  an  inclined  surface.    They  ah»w 
both  the  direction  and  rate  of  dip  or  inclination  of  the  bed  wfaich 
they  are  intended  to  represent.    The  contours  on  the  map  (PL  I,  in 
pocket)  are  drawn  from  data  on  the  map  of  the  Elkhom  field  made 
for  the  Big  Sandy  Company  by  E.  V.  d'Invilliers.    In  his  survey 
D'Invilliers  prospected  for  the  Lower  Elkhom  coal  and  obtained  iU 
elevation  al>ove  sea  level  by  vertical  angles  wherever  it  was  found. 
With  the  information  thus  obtained,  he  represented  the  structure  on 
his  map  by  20- foot  contour  lines.     The  structure  given  by  D'lnvilliers 
was  checked  as  far  as  possible  by  the  writer,  and  the  result  is  much 
more  accurate  than  any  that  could  have  l)een  obtained  with  an  aneroid 
barometer  in  the  course  of  a  reconnaissance  survey.    The  map  acconi- 
lianying  this  report  is  on  a  smaller  scale,  and  r>0-foot  contour  lines 
are  shown,  practically  reproducing  the  structure  as  determined  by 
D'Invilliers,  with  some  changes  based  on  notes  by  the  author.     Eleva- 
tions are  based  on  a  Chesapeake  and  (.)hio  Railway  lx»nch  mark  on  a 
stump  at  the  mouth  of  Marrowbone  Cr(H»k,  780.00  fwt  above  sea  level. 

r.vrsK  OF  F()iJ)iNO. 

Originally  lai<l  down  Hnt.  the  rcM-ks  in  the  P^lkh.orn  coal  field  are 
now  inclined  and  slightly  folded.  This  folding  was  produced  by 
pressure  or  scjueezing  of  the  earth's  crust.  The  position  of  the  rocks 
where  they  have  broken  and  one  side  has  overrichlen  the  other  in<li- 
cntes  that  the  disturbance  resulted  from  a  lateral  thrust  from  the 
east.  Foity  or  more  miles  to  the  southeast,  in  the  Great  Appalachian 
Valley,  the  rcx^ks  are  strongly  folded  and  faulted,  but  from  Sandy 
Kidgc  westward  through  Pike  County  the  disturl)ance  and  crump- 
ling is  very  gentle,  exce])t  for  the  bi'eak  along  Pine  Mountiiin.  The 
eil'ects  of  the  lateral  thrust  die  out  westward  until  they  l)e<*ome  recog- 
nizable only  by  close  leveling. 

STKl  ( TIIJK  OF  TIIK  COAL  FIEIJI. 

Pine  Mountain  marks  a  great  break  in  the  rocks  forming  the 
earth's  surface.  Along  the  north  side  of  the  mountain  just  under 
the  crest  there  is  a  fault  which  raises  rcM'ks  lying  normally  far  below 
the  coal  formation  to  the  surface  and  thrusts  them  up  over  the  coal 
measures,  llow  great  the  (listuri)ance  has  been  is  shown  by  the 
position  of  the  l^ee  formation,  which  is  over  1,000  feet  thick.     The 
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t^  of  this  formation  is  just  above  water  at  the  mouth  of  Elkhom 
Gkpeek,  while  the  bottom  of  it,  on  the  opposite  side  of  the  fault,  h«s 
bim  shoved  up  until  it  marks  the  crest  of  the  mountain  at  Blowing 
Bpek  and  Pound  gaps.  In  fact,  at  Blowing  Rock  the  conglomerate, 
w(|pich  is  the  base  of  the  Lee  formation  and  which  is  more  than  1,000 
feet  below  the  surface  at  Elkhorn,  is  slightly  above  the  gap. 

The  displacement  at  Blowing  Rock  Gap  is  probably  more  than 
2,000  feet,  but  it  may  not  exceed  1,000  feet  at  the  Breaks  of  Sandy 
nnd  seems  to  decrease  rapidly  from  there  northward,  becoming  per- 
haps merely  a  plunging  anticlinal  fold  near  the  head  of  Grassy 
Creek. 

Because  of  the  drag  of  the  overthrust,  the  rocks  on  the  north  side 
of  the  fault  for  a  few  rods  are  overturned.  This  can  be  seen  in  the 
Breaks  of  Sandy,  where  a  diagrammatic  section  is  shown  in  the 
rocky  gorge.  Rocks  approaching  the  fault  in  a  nearly  horizontal 
attitude  are  turned  up  and  over,  and  stand  now  at  an  angle  of  70°. 
Farther  south  along  the  mountain  these  rocks  seem  to  be  overridden 
so  far  that  their  overturned  edge  is  hidden  beneath  the  mountain. 

From  the  face  of  the  fault  scarp  on  Pine  Mountain  to  Elkhom 
Creek  the  rocks  have  a  strong  westward  dip.  Thence  through  the 
eastern  Kentucky  coal  field  there  is  a  general  decrease  in  elevation 
to  the  west.  Although  there  is  a  predominant  dip  in  one  direction 
the  n)cks  .are  slightly  waved  or  folded,  and  these  minor  features 
rather  than  the  general  structure  of  the  region  are  of  the  greatest 
importance  to  mining  operations.  It  will  be  seen  by  the  structure 
lines  in  red  on  the  accompanying  map  (PI.  I)  that  the  Lower  Elk- 
horn  coal,  which  is  the  surface  represented  by  the  contour  lines,  is 
1,740  feet  above  sea  level  on  the  right  fork  of  Beaver  Creek,  and  is 
nearly  500  feet  lower  at  the  mouth  of  Russell  Fork.  Although  the 
dip  is  very  regular  along  the  river  there  is  a  small  basin  or  syncline 
extending  from  the  head  of  Cassell  Fork  in  a  north-northwest  direc- 
tion to  Daniels  Creek  and  parallel  with  it  an  arch  or  anticline  that 
can  be  traced  easily  from  Shelby  Gap  to  the  head  of  Wolfpit  Fork. 
In  the  western  portion  of  the  territory  the  dip  is  very  regular  to  the 
west  at  75  feet  to  the  mile.  The  inclination  of  the  coal  beds  scarcely 
exceeds  125  feet  per  mile  in  any  locality. 

The  position  of  the  anticline  with  relation  to  Marrowl>one  Creek 
is  such  as  to  facilitate  mining  operations  on  both  sides  of  the  creek, 
giving,  natural  drainage  and  easy  grades  for  haulage  in  the  mines. 
The  determination  of  structure  in  advance  of  actual  mining  is  recog- 
nized to  be  of  prime  importance  in  the  selection  and  development 
of  coal  iiroperties. 
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CORRELATION  OF  BLKHORN  COALS. 
By  David  White. 

The  equivalents  of  the  Elkhorn  coals  in  the  region  to  the  north- 
west of  the  junction  of  Ijevisa  and  Russell  forks  of  Big  Sandy 
River  have  not  been  worked  out  completely.  Owing  to  the  snowy 
weather  incident  to  the  lateness  of  the  season,  field  work  in  easteni 
Kentucky  in  1906  was  terminated  l)efore  the  geologic  section  had  been 
carried  to  the  Russell  Fork  basin  so  as  to  tie  definitely  with  the  key 
rocks  of  that  area.  The  probable  economic  horizons  were  traced, 
both  paleobotanically  and  stratigraphically,  from  the  Kenova  quad- 
rangle on  the  Ohio  River  to  Pikeville.  Above  Pikeville  but  little 
stratigraphic  profiling  was  accomplished  and  but  few  fossils  were 
collected  for  the  reasons  stated  above.  Consequently,  in  view  of 
the  incompleteness  of  the  work  and  the  lack  of  ade^iuate  data,  I  am 
obliged  to  propose  only  tentative  and  preliminary  correlations, 
leaving  the  final  and  absolute  determination  or  verification  until 
the  data  may  l>e  sufficiently  amplified  through  additional  paleonto- 
logic  or  stratigraphic  information. 

Under  the  conditions  prevailing  at  the  close  of  the  season  it  was 
possible  to  give  but  a  portion  of  a  single  day  to  the  collection  of 
material  from  the  P^lkhorn  coals  in  the  Russell  Fork  region.  Tliis 
material,  gathered  from  the  upper  and  lower  l)eds  worked  at  the 
Pike  mine,  at  the  head  of  the  railroad  s])ur  ahmg  Marrowbone  Creek, 
leaves  jjiuch  to  be  desired,  for  although  the  material  is  richly  fossilif- 
erous  the  rock  dump  of  the  \u\iu\  was  so  deeply  covered  with  snow 
as  to  make  collecting  most  diflicult  and  inconclusive. 

Although  sul)se(|nent  and  more  ade<iuate  collections  may  si»riously 
modify  these  tentative  correlations  it  appears  prol);)ble  from  the 
pnleobotanical  data  in  hand  that  the  upper  bed  at  the  Pike  mine — the 
Upper  FJkhorn — is  the  same  as  the  coal  worked  (m  Ferguson  Branch 
and  Lower  Chloe  Creek  near  Pikeville.  Similarly,  the  fo.ssils  ob- 
tained from  the  Lower  Elkhorn  coal  at  the  Pike  mine  seem  to  repre- 
sent the  flora  of  the  lower  or  Syck  coal,  worked  for  local  consump- 
tion on  Lower  Chloe  Creek  near  Pikeville.  I  expect  that  further 
]>ale()botanical  work  in  the  region  will  confirm  these  correlations, 
whi.'h  must,  however,  for  the  present  be  regarded  as  provisional. 

Assuniinir  the  reference  of  the  KIkhorn  coals  to  be  correct  the 
following  correlations  will  obtain.  The  sandstone  immediately  or 
but  a  very  short  distance  above  the  Elkhorn  coal  is  a  fairly  well 
marked  stratigraphic  niemln'r,  becoming  very  distinct  in  the  region- 
of  Paintsville,  where  it  overlies  the  Paintsville  (or  Prestonburg)  H>al 
and  is  clearly  traceable  to  its  point  of  disappearance  near  River 
station.    The  Ferguson  Branch  coal,  which  I  believe  to  be  the  same 
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as  the  Upper  Elkhorn  coal,  lies  in  the  upper  part  of  a  thin"  band  of 
shales  carrying  locally  workable  beds  all  the  way  from  Pikeville  to  its 
disappearance  below  water  level  at  River  station.  The  Paintsville 
coal  lies  at  the  top  and  the  coal  worked  at  Harold  and  opened  at 
several  other  points  lies  at  the  base  of  this  thin  belt  of  carbonaceous 
shales,  which  seldom  exceeds  45  feet  in  thickness.  To  this  horizon 
.  belongs  the  coal  opened  on  Stonecoal  Run  at  Wagner  and  at  Henilak. 
The  heavy  sandstone  underlying  this  thin  shale  is  continuous  to  its 
disappearance  below  Buffalo  station,  and  throughout  most  of  its 
exposure  is  characteristically  massive,  gnarly,  and  frequently  in  a 
very  uneven  basal  contact  with  underlying  blue  argillaceous  shales. 
It  is  finely  exposed  along  I^visa  Fork  in  the  vicinity  of  Dwale,  from 
which  it  might  appropriately  receive  its  name. 

The  Syck  coal,  to  whose  horizon  I  tentatively  refer  the  Lower 
Elkhorn  coal,  lies  above  another  heavy  sandstone,  well  exposed  in 
the  banks  of  the  river  and  along  the  railroad  track  at  the  lower 
end  of  Pikeville.  To  this  sandstone,  which  first  rises  above  the 
railroad  track  a  short  distance  below  the  twenty-fifth  milepost,  or 
about  IJ  miles  below  Pikeville,  probably  belongs  a  ledge  showing 
in  the  sides  of  the  valley  below  the  level  of  the  Lower  Elkhorn  coal 
near  the  Pike  mine.  Like  the  sandstone  described  above,  it  is  readily 
susceptible  of  mapping  to  its  point  of  disappearance. 

Granting  that  the  above  correlation  of  the  Elkhorn  coals  is  cor- 
rect, it  becomes  probable  that  the  group  of  sandstones  about  400 
feet  above  the  Upi>er  Elkhorn  coal  in  the  slopes  of  the  Flatwoods 
at  the  head  of  Marrowbone  Creek  is  continuous  with  that  associated 
with  the  Leslie  coal  near  Pikeville  and  the  old  Peach  Orchard  coal 
in  the  vicinity  of  Richardson.  T  regard  it  as  a  member  which  may 
be  readily  mapped  along  Ijcvisa  Fork  to  its  point  of  entrance  into 
the  Kenova  quadrangle,  where  it  falls  within  the  Pottsville  forma- 
tion. 

It  was  not  practicable  to  attempt  to  determine  paleobotanically 
the  boundary  between  the  Pottsville  and  the  Allegheny  formation  in 
the  Flatwoods  i-egion.  I  can  only  add  that  within  the  limited  time 
available  on  the  occasion  of  a  hasty  climb  to  the  Flatwoods  summit, 
the  few  fossil  plants  gathered  from  the  roof  of  the  great  bed  of  coal 
known  as  the  Flatwoods  coal,  which  lies  about  550  feet  above  the 
ITpper  Elkhorn  coal,  distinctly  show  the  Pottsville  age  of  the  bed, 
referring  it  to  the  Kanawha  formation,  and  leave  no  room  for  doubt 
as  to  the  Pottsville  age  of  the  heavy  sandstone  ledge,  100  feet  or  more 
above  the  coal.  No  opportunity  was  offered  to  search  for  fossils  in 
beds  above  this  sandstone,  but  I  am  inclined  to  believe,  in  view  of 
the  age  of  the  big  coal  just  mentioned  and  of  the  probable  expansion 
of  the  Kanawha  formation  to  the  eastward,  that  the  sandstone  form- 
mg  the  flppr  of  the  Flatwoods  plateau  and  cropping  out  as  cliffs 
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around  the  brow  of  that  area  may  also  be  found  eventually  to  fall 
within  the  limits  of  the  Pottsville.  If  so,  they  will,  perhaps,  con- 
stitute the  uppermost  member  of  that  formation. 

The  present  state  of  knowled|[^  does  not  justify  a  correlation  of 
the  Elkhorn  with  the  coal  beds  in  the  Norton  or  Big  Stone  Gap 
region.  It  may,  however,  be  remarked  that  the  species  of  fossil 
plants  from  the  Lower  Elkhorn  appear  to  bear  a  close  relation  to . 
such  material  as  I  have  been  able  to  secure  from  the  Banner  group 
at  Dorchester,  near  Norton. 

The  scanty  paleobotanical  evidence  in  hand  indicates  that  the  Elk- 
horn coals  belong  to  the  lower  portion  of  the  Kanawha  formation,  the 
Ferguson  Branch  (Pikeville)  coal  being  probably  at  or  near  the 
horizon  of  the  Peerless  or  Cedar  Grove  coals,  on  the  Kanawha 
Kiver. 

The  designation  of  the  Paintsville  coal  as  "  Coal  No.  1 "  and  the 
application  of  numbers,  such  as  "  1 "  or  ''  3,"  to  the  Elkhorn  coals  is 
both  erroneous  and  misleading.  Loc*al  names  for  the  coals  are  far 
preferable  in  every  way.  The  application  of  a  numerical  nomen- 
clature to  the  beds  is  cm  all  accounts  to  be  discouraged  locally  and 
should  be  abandoned  in  all  publications. 

ECONOMIC  GEOIiOGY. 

GENERAL   CHARACTER   AND   OCCURRENCE   OF   THE   COAL    BEDS. 

INTKODICTION. 

Til  this  section  the  strati^raphic  position  and  extent  of  each  of  the 
coal  beds  is  descrilKHl  in  order  to  give  the  reader  an  idea  where  each 
coal  is  to  Ik>  found  and  how  much  of  the  territory  it  iniderlies,  and  to 
indicate  the  general  features  of  its  occurrence.  In  the  succeeding 
section  detaihMl  d(»scriptions  of  the  various  beds  as  revealed  through- 
out the  fiehl  by  natural  exi)osure,  i)rospect  trenches,  pits,  and  mines 
will  he  given. 

Correlations  of  the  coal  openings  in  this  field  have  l)een  so  success- 
ful that  it  is  i)ossil)le  to  trace  all  of  the  workal)le  l)ods  with  consider- 
able certainty  throughout  the  greater  part  of  their  extent  in  the 
region  here  discussed.  For  this  reason  it  would  l>e  possible  to  make 
each  coal  bed  the  subject  of  a  separate  chapter,  describing  and  com- 
paring all  the  occurrences  of  that  i)arlicular  coal.  It  seems  desirable, 
however,  for  the  convenience  of  those  who  may  make  use  of  this 
re[)ort,  and  esj)ecially  for  those  who  may  visit  or  live  in  the  field,  to 
deserihe  under  one  heading  all  the  coals  in  any  one  locality.  By 
this  method  one  can  find  what  coals  occur  on  any  particular  creek 
without  examining  several  i)arts  of  the  rei)orl.  The  description  by 
localities  has  the  disadvantage  of  not  giving  a  continuous  view  of 
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any  one  coal  bed,  but  this  may  be  remedied  somewhat  by  the  grouping 
of  sections  of  the  same  coal  in  one  illustration. 


30 
Beaver  Creek 
(near  mouth) 


75 

Moores  Branch 

(at  mouth) 


77 
Elkhom  Creek, 
Alec.  Adkins 


Parti 


ELSWICK  COAL. 

Lying  50  to  75  feet  above  the  top  of  the  I^e  conglomerate  and 
resting  on  a  bed  of  massive  sandstone  from  20  to  30  feet  thick  is  a 
workable  bed  known  locally  as  the  Elswick  coal.  Being  strati- 
graphically  the  lowest  of  the  coals  in  this  field,  the  Elswick  has  the 
shortest  outcrop.  It  rises  above  the  waters  of  Russell  Fork  close  to 
the  mouth  of  Little  Creek  about  1  mile  below  Elkhorn  City,  and 
keeps  above  the  river  to  the  fault  at  Grassy  Creek,  a  distance  of  4 
miles.  It  falls  below  the  level  of  Elkhorn  Creek  between  the 
mouths  of  Big  Branch  and  Pond  Branch,  1  mile  above  Elkhorn 
City.  The  horizon  of  this  coal,  therefore,  underlies  practically  the 
entire  field,  but  whether  the  coal  exists  and  has  a  workable  thick- 
ness elsewhere  than  in  the  immediate  vicinity  of  the  short  outcrop 
just  described  is  yet 
to  be  proved.  If  this 
bed  is  everywhere 
present  beneath  the 
surface  of  the  field, 
which  may  be  a 
reasonable  supposi-  p^^.s' 
tion,  and  if  it  main- 
tains an  average 
thickness  of  30  to  36 
inches,  then  the  ton- 
nage of  the  Elswick 
bed  is  probably  nearly  equal  to  that  of  any  other  coal  in  the  field.  It 
may  be  considered  as  an  available  reserve,  but  will  not  be  mined  ex- 
tensively so  long  as  thicker  beds  outcrop  in  the  same  locality. 

AUXIER  COAL. 

At  a  distance  of  260  feet  above  the  I^e  conglomerate  and  about 
500  feet  below  the  Lower  Elkhorn  coal  is  the  Auxier  coal.  It  usually 
rests  on  a  30-foot  sandstone  more  or  less  massive  in  character,  and 
is  overlain  by  shale.  This  bed  has  been  fourtd  at  frequent  intervals 
along  the  creeks  in  this  area  and  is  recognized  with  some  degree  of 
certainty  by  its  size  and  relative  position  in  the  geologic  column. 

If  the  correlation  is  correct,  an  18-inch  coal  bed,  said  to  occur 
in  the  bed  of  Russell  Fork  at  the  mouth  of  Biggs  Branch,  is  the 
most  northern  outcrop  of  this  coal  in  the  Elkhom  field.  Coal  at  the 
mouth  of  Lower  Lick  of  Harless  Creek  and  at  Joe  Looney's  on 
Road  Creek  is  believed  to  be  the  Auxier,  and  openings  in  the  hol- 
40858— Bun.  ^8—08 3 
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Fig.  4. — Elswick  coal  sections. 
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lows  on  the  left  of  Ferrell  Creek  as  far  up  as  the  schoolhouse  at 
the  mouth  of  Sprucepine  Fork  are  tentatively  assigned  to  the  same 
bed.  Continuing  up  Russell  Fork  prospects  are  found  on  Beaver 
Creek,  Little  Creek,  and  three-fourths  of  a  mile  up  Moores  Brandi. 
The  outcrop  has  been  traced  up  Elkhom  Creek  to  where  it  goes 
under  water  just  below  Kettlecamp  Branch,  and  although  the  coal 
was  not  seen  on  Russell  Fork  above  Elkhorn  City,  the  underlying 
rocks  were  traced  to  (Jrassy  Creek  and  a  coal  which  has  been  opened 
on  Trace  Fork  one-fourth  of  a  mile  above  Riley  Cavin's  place  was 
recognized  as  probably  being  the  Auxier.  An  average  of  14  sections 
gives  the  bed  a  thickness  of  2  feet  9  inches.  The  maximum  is  4 
feet  G  inches  and  the  mininunn  1  foot  8  inches. 

BIILLARD   (X)AL. 

This  biul  has  been  opened  in  several  places  near  the  confluence  of 
Levisa  and  Russell  forks  and  is  known  there  as  "  The  Forks  "  bed. 
Obviously  this  is  not  a  desirable  name  to  perpetuate,  and  the  name 
Millard,  which  is  the  name  of  the  post-office  at  the  forks,  is  adopted 
for  facilitating  description  and  reference.  The  coal  is  450  feet  above 
the  base  of  the  formation  and  300  to  350  feet  below  the  Lower  Elk- 
horn.  It  lies  usually  under  a  massive  sandstone  and  on  top  of  either 
sandstone  or  shale.  Although  the  bed  has  an  average  thickness  of 
3  foot,  the  amount  of  available  coal  is  barely  2  feet,  on  account  of  the 
clay  partings. 

The  (listril)utioii  of  this  coal  in  the  area  here  described  has  not 
been  deterniined  so  well  as  has  that  of  the  other  beds.  This  is  be- 
cause it  is  unimportant,  scarcely  to  be  classed  as  workable,  and  there- 
fore it  has  been  prospected  but  little.  It  is  possible  that  in  a  de- 
tailed survey  of  the  region  the  uutcrop  could  be  traced,  but  in  i-econ- 
naissance  work  of  this  sort  it  could  not  be  mapped  with  thorough- 
ness. The  map  (PI.  1,  in  pocket)  shows  the  outcrop  of  this  coal  ex- 
tending from  Milhird,  along  the  river,  up  Powell  Creek  to  Lick 
Fork,  over  a  mile  up  Biggs  Branch,  and  running  up  both  forks  of 
Daniels  Creek.  It  is  seen  on  Ilarless  and  Jinmiie  creeks,  on  Road 
C^reek  at  Isani  Fork  and  the  mouth  of  Middle  Fork,  and  on  Fer- 
rell Creek  at  the  mouth  of  Bingham  P\)rk.  On  Marrowbone  Creek 
this  coal  is  optMi  in  several  places,  and  is  best  seen  at  the  Marrow- 
hone  luine,  where  ihere  is  a  pit  a  few  rods  east  of  the  tipple.  The 
coal  also  shows  in  the  railroad  cut  near  Johnson  Fork.  It  was  not 
seen  on  Elkhorn  C^reek. 

BTXGHAM    COAL. 

This  coal  was  rec^ognizcd  by  the  writer  as  one  not  previously  de- 
scribed.    It:^  position   is  approximately   180   feet   below   the  Lower 
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Elkhorn  coal  and  in  the  midst  of  sandstone.  It  was  first  noted  at 
E.  B.  Bingham's  place,  on  Ferrell  Creek,  and  later  seen  on  Powell 
Creek  and  under  the  incline  at  the  Marrowbone  mine.  The  expo- 
sures are  so  few  that  a  connected  line  of  outcrop  can  not  be  shown  on 
the  map.  The  bed  varies  according  to  4  sections  from  2  feet  6  inches 
to  4  feet  5  inches  in  thickness. 

LOWEK   ELKIIOKN    COAL. 

Thorough  prospecting  for  this  bed  in  all  parts  of  the  field  by  both 
residents  and  investors  has  brought  to  light  more  information  con- 
cerning the  Lower  pjlkhorn  than  any  other  coal  in  the  region.  Pros- 
l>ect  Frenches  have  been  cut  to  the  crop  at  short  intervals  in  much  of 
the  fijpld,  small  pits  kept  ojx^n  by  timbering  are  plentiful,  and  five 
iiiine^  show  the  character  of  the  bed  under  cover.  Under  these  con- 
ditions it  can  be  traced  from  point  to  point  with  considerable  cer- 
tainty. The  line  on  the  map  representing  the  outcrop  is  taken  from 
the  map  of  d'lnvilliers  and  is  considered  accurate,  part  of  it  having 
been  run  by  stadia.  On  the  map  (PI.  I)  the  boundaries  of  coal  areas 
where  shown  by  solid  lines  are  regarded  as  more  accurate  than  where 
shown  by  dotted  lines. 

The  JLiOwer  Elkhorn  coal  is  between  750  and  800  feet  above  the  Lee 
conglomerate.  As  described  in  the  chapter  on  stratigraphy,  it  usu- 
ally crowns  a  more  or  less  massive  sandstone,  which  may  be  from  20 
to  60  feet  thick,  and  it  is  overlain  by  shale  or  thin-bedded  sandstone. 
The  underlying  sandstone  serves  in  some  places  as  a  guide  to  the  loca- 
tion of  the  coal,  making  a  ledge  on  top  of  which  the  coal  should  l)e 
found.   • 

This  coal  is  always  high  above  the  main  drainage  and  passes  below 
water  leiel  only  close  to  the  heads  of  the  streams.  Its  altitude  above 
Russell  ffork  is  fi*om  500  to  800  feet,  and  as  the  dips  are  not  strong 
the  outcrop  extends  up  the  side  valleys  to  their  very  heads.  As  will 
be  seen  bv  the  accompanying  map,  the  outcrop  of  the  coal  delineates 
every  valley,  and  is  found  throughout  the  field  except  on  the  south 
side  of  Elkhorn  Creek.  For  this  reason  no  further  description  of 
the  dislrittution  is  deemed  necessary.  Although  the  coal  is  several 
hundred  fiet  above  the  river,  it  is  not  so  high  but  that  the  hills  rise 
considerabtsr  above  it  and  leave  an  extensive  body  of  coal  with  con- 
siderable cover.  The  Lower  Elkhorn  bed  appears  to  be  of  workable 
thickness  tllroughout  the  field,  averaging  over  4  feet.  There  is,  how- 
ever, a  feature  of  this  bed,  so  common  in  most  of  the  field  as  to  be 
characteristic,  which  greatly  reduces  its  value  from  a  mining  stand- 
point and  leaves  only  three-fourths  of  the  bed  to  be  reckoned  as  avail- 
able fuel.    This  unfortunate  feature  is  the  so-called  laminated  coal. 

"  Laminated  "  is  a  term  applied  to  bony  coal  which  is  composed 
of  alternating  lamellae  of  bone  and  bright  coal.    The  streaks  of  bone 
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give  strength,  so  that  it  mines  in  hard,  flat  slabs,  but  they  also  make 
it  high  in  ash.  In  the  Elkhorn  field  the  term  is  applied  also  to  the 
soft,  flaky,  slickensided  coal  which  emits  a  dull  sound  when  struck 
and  which  breaks  into  small  chips  when  mined.  The  true  laminated 
and  the  crushed  flaky  coal  occur  commonly  in  the  Lower  Elkliorn 
bed  in  this  field  and  are  found  also  in  the  Upi)er  Elkhom  bed. 

Bony  and  flaky  coal  usually  forms  the  upper  part  of  the  Lower 
Elkhorn  bed,  but  it  may  be  in  the  middle  and  overlain  by  solid  block 
coal.  The  flaky,  crushed  material  usually  exceeds  the  bony  coal  in 
thickness.  In  this  report  the  term  "  laminated  "  coal  refers  to  the 
bony,  flaky  portion  of  the  beds,  in  accordance  with  tlie  usage  in 
the  field  described. 

The  soft  and  flaky  portion  of  the  Elkhom  beds  breaks  into  chips, 
which  have  many  smooth,  polished  surfaces;  it  may  have  schistosity 
deveh)pcd  in  it  parallel  or  oblique  to  the  normal  bedding,  and  in 
places  is  rolled  and  twisted  into  a  rumpled  mass,  which  is  strikingly 
different  in  appearance  from  a  normal  bed  of  bituminous  coal.  It 
appears  to  have  been  subjected  to  crushing  between  laterally  moving 
strata,  and  in  that  respect  resembles  the  Widow  Kennedy  coal  bed 
as  exposed  at  Dante  and  other  places  in  Virginia.  The  crustal 
strain  which  found  relief  in  the  Pine  Mountain  fault  probably  was 
partly  taken  up  in  the  Lower  Elkhorn  coal.  Whether  the  over- 
thrust  at  the  fault  produced  a  single  westward  movement  of  a  few 
inches  in  the  beds  down  to  the  Lower  Elkhorn  coal  or  whether 
the  movement  was  a  forwanl-and-back  jarring  motion  is  not  certain, 
but  it  seems  plausible  that  the  broken  condition  of  the  upper  part 
of  this  bed  was  produced  by  slight  lateral  movement  of  the  overlving 
beds. 

The  laminated  coal  ignites  quickly  and  burns  readily  under  a 
strong  draft,  but  it  is  high  in  ash,  and  for  that  reason  and  because  so 
much  of  it  breaks  down  to  slack  on  handling  it  is  undesirable  as  a 
steaming  coal.  The  experience  of  the  companies  operating  on  Mar- 
rowbone Creek  has  been  that  the  inclusion  of  the  laminated  coal  in 
rnn-of-mine  shipments  was  objectionable  to  their  customers,  as  it 
gave  them  a  fuel  with  an  undesirably  large  amount  of  slack  and 
clinker. 

The  conmion  section  of  this  bed  on  Marrowbone  Creek  is  30  to  30 
iiK'hes  of  solid  coal  overlain  by  1)  to  20  inches  of  laminated  coal.  If 
the  lamination  is  due  to  movement,  it  would  be  natural  to  expect  that 
it  would  disappear  to  the  west  with  increasing  distance  from  Pine 
Mountain  fault.  The  evidence  on  this  point  noted  by  the  writer  is 
that  the  greatest  thickness  of  laminated  coal  is  on  Big  Branch  of 
Elkhorn  Creek,  which  is  near  the  fault,  and  that  there  is  little  or 
no  lamination  api)arent  in  the  few  openings  seen  on  Rockhouse  and 
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Wolfpit  creeks.  A  coal,  probably  corresponding  to  the  Lower  Elk- 
born,  mined  in  the  John  Robinson  bank  on  Pompey  Creek  2  miles 
north  of  Millard,  shows  no  lamination. 

TAPPER    ELK  HORN    COAL. 

The  position  of  this  bed  is  from  160  to  190  feet  above  the  Lower 
Elkliorn  or  900  to  1,000  feet  above  the  Lee  conglomerate.  It  is  in  a 
portion  of  the  geologic  column  that  is  made  up  largely  of  heavy- 
l)edded  or  massive  sandstone.  Geographically  it  is  located  in  the 
high  land,  being  from  700  to  900  feet  above  Russell  Fork,  and  there- 
fore near  the  tops  of  the  ridges  along  the  river.  Between  Russell 
and  I^visa  forks  this  coal  occurs  only  in  long  narrow  bodies  in  the 
crests  of  the  divides,  but  west  of  Russell  Fork  the  dip  of  the  roc*ks 
brings  the  coal  down  so  that  it  underlies  broad  areas  between  Shelby, 
Marrowbone,  and  Elkhorn  creeks.  It  can  be  found  throughout  the 
entire  region  by  going  high  enough  on  the  hills. 

East  of  Russell  Fork,  in  the  vicinity  of  Ferrell  Creek,  the  Upper 
Elkhorn  coal  ranges  from  5  to  7  feet  thick,  with  only  4  to  8  inches  of 
waste.  On  Marrowbone  Creek  9  sections  give  an  average  of  3  feet 
10  inches  for  the  thickness  of  the  bed,  and  3  feet  2  inches  of  this  is 
the  average  amount  of  marketable  coal.  The  range  in  thickness  of 
the  whole  l)ed  on  this  creek  is  from  2  feet  10  inches  to  5  feet  and  of 
the  solid  coal  from  2  feet  5  inches  to  4  feet  4  inches. 

At  the  head  of  Elkhorn  Creek,  where  the  Upper  Elkhorn  attains 
extraordinary  development,  the  thickness  of  the  entire  bed  at  7 
localities  ranges  from  7  feet  8  inches  to  9  feet  4  inches,  with  an 
average  of  8  feet  7  inches.  The  amount  of  marketable  coal  in  this 
l>ed  around  the  head  of  Elkhorn  Creek  averages  7  feet  9  inches. 

Twenty  sections  from  all  parts  of  the  field  give  the  Tapper  VAk- 
horn  an  average  thickness  of  6  feet,  but  the  average  amount  of 
marketable  coal  is  only  5  feet  4  inches.  It  should  be  borne  in  mind, 
however,  that  7  of  these  sections  are  from  a  very  small  part  of  the 
field  where  the  bed  is  exceptionally  large.  The  other  13  sections, 
which  represent  more  nearly  the  normal  condition  through  much 
the  greater  part  of  the  field,  gives  an  average  thickness  of  4^  feet  for 
the  whole  bed. 

FLATWOOD8   CK>AL. 

The  Flatwoods  coal  is  approximately  1,500  feet  above  the  I^ee  con- 
glomerate. Its  altitude  is  so  great  that  it  occupies  only  two  small 
areas  of  the  greatest  elevation  in  the  field.  The  larger  area,  which 
has  an  irregular  shape,  lies  at  the  head  of  Marrowbone  Creek  and 
the  smaller  one  is  at  the  head  of  Poorbottom  Creek.  They  contain 
about  2,300  acres.    The  thickness  of  the  bed  around  the  head  of 
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Cassell  P^ork  varies  from  14  to  18  feet.  Only  the  upper  7  feet  of  the 
bed  can  be  mined  advantageously,  the  lower  portion  being  in  large 
I)art  hea\'y  bands  of  clay. 

DETAILED  DESCRIPTIONS. 
INTRODUCTION. 

In  this  section  the  occurrence  of  the  coals  as  they  are  exposed  in 
natural  outcrop,  prosi>ect  trenches,  pits,  and  mines,  is  fully  de- 
scril^ed.  The  description  of  the  coals  is  arranged  by  creeks.  Each 
coal  l)ed  in  a  creek  basin  is  discussed  separately,  beginning  with  the 
lowest.  As  descriptions  of  the  creek  areas  do  not  include  a  few 
exposures  along  Russell  Fork,  these  are  given  under  the  heading  of 
the  nearest  main  creek  on  the  same  side  of  the  river.  That  part  of 
the  field  on  the  east  side  of  the  river  is  described  first.  It  is  customary 
in  this  region  to  speak  of  the  branches  and  sides  of  a  stream  as^ 
"  right "  or  "  left ''  as  they  are  encountered  in  going  upstreanu  anc3 
that  usage  is  followed  in  this  report. 

The  graphic  sections  are  arranged  in  groups,  so  that  all  sections  orr= 
any  one  coal,  as  far  as  possible,  are  in  the  same  figure. 

I»OWELL   (^REEK   AND   MILLARD. 

Geologic  seotion, — The  rock  exposed  at  water  level  from  the  moutiM 
of  Powell  Crock  to  Millard,  or  '•  The  Forks/'  is  shale,  which  is  l)e  --= 
lievod  to  lie  close  al)ove  the  Auxier  coal.  The  Millard  bed  is  nlwu  - 
17.")  feet  above  the  river  and  is  in  the  midst  of  100  feet  of  sandstonr^HE: 
On  Powell  Creek  a  coal  bed  of  which  little  is  known  is  found  VM)  fee  ^ 
above  the  Millard,  and  the  Lower  Elkhorn  ji|)])ears  to  be  -UO  fee  ^ 
above  the  Millard.  Above  the  I^)wer  Klkhorn  at  vertical  distance^  " 
of  V17}  and  liOO  feet  there  are  coal  beds  of  workable  thickness.  !^ 
pjirtial  section  of  the  succession  of  rocks  in  this  vicinity  is  given  i^* 
the  columnar  s<»ction  sheet  (PI.  111). 

MiJJdnl  rodi, — At  the  forks  of  Bi<r  Sandy,  where  this  bed  is  callec:^ 
"The  Forks"  coal,  there  is  an  old  pit   in  the  hill  above  Al.  Ilufl 
man's  houst*  on  the  northwest  side  of  the  river  about   175  feet  alH)V^ 
the   water.     It   was  opened   nianv   vears  airo   and    is  still   accessible^ 
because  the  overlying  sandstone  le(l<j:e  makes  an  excellent  roof.     Coa^ 
has  not  been  mined  here  for  some  years,  the  sui)])ly  for  the  neighi>or-  ^ 
hood  bein<r  hauled  from  Pomj)ey  Creek.     The  bed   (1)''  lies  In^tween 
massive  sandstones  and  shows  t2'5  inches  of  coal  with  a  few^  inches  of 
shale  above  and  below. 

An  openin<r  once  made  (m  this  coal  back  of  »I.  W.  Ford's  store, 
which  is  also  Millard  post-ofKce,  at  an  elevation  of  17.")  feet  alM)ve  the 
river,  is  caved,  but  is  reported  to  have  shown  *J  feet  of  coal.     Three 

"A  numl>or  in  ^arentheHls  n-fors  to  the  nuuilHT  <•!  a  jfraphif  s.',ti«jn  in  n  figiiro  and  to 
the  location  of  the  same  section  on  the  map. 
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Did  openings  near  the  schoolhouse  between  Millard  and  the  mouth  of 
Powell  Creek  developed  from  26  to  28  inches  of  clear  coal.  The 
Millard  bed  varies  slightly  in  thickness  on  Powell  Creek.  According 
to  report  it  is  22  inches  thick  in  a  small  draw  on  the  left,  about  one- 
fourth  mile  from  Polley's  store,  and  a  little  above  the  mouth  of  Lick 
Fork  is  18  inches  thick  (2). 

Binghmn  coal. — Farther  up  the  main  creek  on  the  right  hillside, 
jiist  above  Mrs.  Hunter's,  is  an  entry  driven  in  40  feet  under  a  sand- 
stone roof  which  shows  (3)  a  3-foot  bed. 

Lower  Elkhom  coal. — ^In  the  first  hollow  on  the  left  of  Mead 
Fork,  one-fourth  mile  beyond  and  200  feet  above  Mrs.  Mead's  house, 
here  is  a  bank  from -which  coal  has  been  taken  recently.  It  is  at 
m  altitude  (aneroid  reading)  of  1,300  feet  and  is  regarded  as  the 
liower  Pilkhorn.  The  drift  has  been  driven  about  40  feet  S.  70°  E. 
ind  drains  out.  The  roof  is  sandstone  and  the  floor  shale,  and  the 
>ecl  is  40  inches  thick  (4).  Laminated  coal  from  13  to  16  inches 
:hick  forms  the  upper  part  of  the  bed  and  is  separated  from  the 
>lock  coal,  which  is  from  23  to  26  inches  thick,  by  a  one-fourth  inch 
3one  parting. 

On  the  right  bank  of  the  main  fork  of  Powell  Creek  about  three- 
fourths  mile  above  the  mouth  of  Mead  Fork  and  at  an  elevation  of 
1,300  feet  is  a  pit  opposite  a  cabin.  The  coal  has  been  dug  along 
the  outcrop  for  15  feet,  showing  a  sandstone  roof,  15  inches  of  lami- 
nated coal  (5)  and  20  inches  of  the  lower  bench.  The  whole  thick- 
ness of  the  bed  was  not  seen.  This  is  a  very  different  section  from 
that  in  the  John  Robinson  bank  on  Pompey  Creek,  where  the  bed 
is  4  feet  thick  and  is  all  s6lid  block  coal  except  4  inches  of  bone  10 
inches  above  the  floor. 

Upper  Elkhom  coal. — On  the  same  side  of  the  branch  and  135 
feet  higher  in  the  hill  is  a  prospect  which  shows  2  feet  8  inches  of 
solid  coal  with  a  one-fourth  inch  clay  streak  a  little  above  the  mid- 
dle. Thirty  feet  above  it  is  a  6-inch  coal  and  50  feet  higher  a  pros- 
pect shows  a  bed  over  4  feet  thick  (6).  'VMiether  this  bed  or  the  one 
80  feet  below  it  is  the  Upper  Elkhom  is  not  certain.  At  the  head 
of  the  main  fork  an  old  bank  belonging  to  D.  C.  Potter  is  partly 
caved,  but  it  shows  3  feet  2  inches  of  solid  coJil  and  4  inches  of  bone 
at  the  base.  This  bank  is  said  to  have  been  open  twelve  years  and  to 
have  two  rooms  driven  east  and  northeast  which  drain  out.  The 
elevation  is  the  same  as  that  of  the  2-foot  H-inch  bed  farther  down 
the  creek,  1,440  feet  above  tide,  and  it  is  supposed  to  be  the  Upper 
Elkhom. 

BIGGS   BRANCH. 

Millard  coal. — Openings  on  the  Millard  coal  were  once  made  in  the 
hill  pasture  180  feet  above  Jim  Goff's  blacksmith  shop,  and  also  at 
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Win  Wright's,  on  the  west  side  of  the  river  opposite  GroflPs.  Four  feet 
of  coal  is  reix)rted  in  each  of  these,  but  the  measurement  could  not  be 
verified,  as  the  coal  is  hidden  by  the  caving  of  the  banks.  Little  more 
than  a  mile  up  Biggs  Branch  the  Millard  coal  has  been  dug  on  both 
sides  of  the  creek  a  few  feet  above  the  stream.    On  the  left  a  semi- 
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Fig.    T). — Millard    coal    sect  Ions. 

ciiTular  oponinor  30  feet  loiio;  and  20  feet  deep  shows  a  21-ineh  be^ 
(7)  of  cojil  with  a  shaU»  floor  and  sandstone  roof.     In  tlie  right  banl^ 
the  bed  has  the  same  thiekness,  and  three  or  four  pits  within  a  dis-' 
tance  of  50  yards  along  the  crop  have  been  driven  in  20  feet. 
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Ikhoym  coals. — Two  miles  up  Biggs  Branch,  on  the  right  bank 
ind  Isaac  Lee's  cabin,  which  is  at  the  forks,  and  about  150  feet 
ve  the  cabin,  there  is  an  interesting  occurrence  of  a  double  bed 
X)al  which  is  at  about  the  horizon  of  the  Lower  Elkhorn.  The 
spect  on  this  coal  is  driven  S.  10°  W.,  is  timbered,  and  drains  in. 
J  section  of  the  entire  bed  (8),  beginning  at  the  top,  is  as  follows: 
y,  soft  and  dirty  coal,  16  inches;  block  coal,  2  feet  2  inches;  shale, 
eet;  coal,  2  feet;  bony  coal,  7  inches;  shale  floor.  No  similar 
ion  was  seen  anywhere  in  the  field.  On  the  right  side  of  the  left ' 
k  and  30  feet  higher  than  the  double  coal  just  described  a  trench 
eals  a  bed  (9)  nearly  5  feet  thick  and  mostly  bone.  Below  the 
tom  clay  is  coal  and  bone  of  undetermined  thickness.  This  sec- 
i  may  improve  on  driving  in. 

n  the  same  hollow  as  the  last  and  70  feet  above  it  a  trench  shows 
^t  6  inches  of  coal,  and  on  the  opposite  side  of  the  spur,  80  feet 
her  than  the  prospect  just  mentioned,  or  at  an  elevation  of  about 
1:0  feet,  there  is  a  4- foot  bed,  which  is  all  coal  except  a  4-inch  shale 
d  8  inches  above  the  floor.  The  position  of  this  bed  corresponds 
h  that  of  the  50-inch  bed  (6)  in  Powell  Creek,  and  the  2-foot 
Lch  coal  here  with  the  2-foot  8-inch  on  Powell  Creek.  It  will  be 
ft  by  the  section  of  the  exposures  in  this  branch  given  on  the  colum- 
section  sheet  (PI.  Ill,  sec.  2)  that  the  double  bed  at  Lee's  is  the 
e  distance  above  the  Millard  coal  as  is  the  Lower  Elkhorn  on 
veW  Creek,  and  that  each  section  has  a  coal  bed  not  found  in  the 
5r. 

DANIELS  CREEK. 

ftllard  coal. — The  presence  of  this  coal  on  the  left  fork  of  the 
^k  was  reported,  but  search  at  that  point  iailed  to  reveal  anything 
lie  pit  said  to  have  been  dug  close  to  water  level.  On  the  right 
c  at  an  elevation  of  975  feet,  or  160  feet  higher  than  the  forks, 
on  a  trail  along  the  left  hillside,  Mose  Coleman  has  a  small  open- 
on  the  Millard  coal  which  lies  between  beds  of  sandstone.  It  has 
:nches  of  coal  with  2  inches  of  bone  for  a  roof  (10). 
tnoer  Elkhorn  coal. — The  only  opening  on  this  coal  known  on 
liels  Creek  is  a  prospect  driven  by  Elijah  Anderson  in  the  right 
k  just  above  water  and  close  to  his  house,  which  is  at  the  head  of 
left  fork.  Here  over  the  usual  sandstone  is  a  bed  of  coal  more 
:i  4  feet  thick  (11)  and  separated  from  an  overlving  sandstone  by 
^t  of  shale.  Twelve  inches  of  laminated  coal  lie  above  a  2-foot 
ch  of  solid  coal.  Mr.  Anderson  reported  4  inches  of  bone  and  1 
t  of  coal  occurring  below  the  2-foot  bench.  The  elevation  of  this 
ning,  obtained  by  aneroid,  is  1,300  feet,  and  shows  the  continua- 
n  of  the  syncline  on  the  north  side  of  the  river. 
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IIARLESS   CREEK. 

Avxier  coal, — Probably  the  oldest  coal  bank  in  this  vicinity  is  one 
opened  by  Buck  Hilton  about  thirty  years  ago  on  land  belonging  to 
Butler  Katliff  situated  on  the  main  fork  of  Harless  Creek  between. 
Upper  Lick  and  Lower  Lick.  It  is  just  above  water  level  on  the 
right  bank  and  IJ  miles  from  Regina.  A  demand  for  coal  for  a  dinky 
locomotive  which  was  hauling  logs  out  of  Harless  Creek  was  the 
reason  for  opening  the  bank.  A  chamber  about  30  feet  wide  was 
excavated  and  the  roof  was  supported  by  timbers,  but  these  are  giving 
away  and  the  bank  is  in  danger  of  caving.  The  roof  and  floor  are 
shale.  Some  coal  was  taken  from  this  bank  in  the  winter  of  1906. 
The  section  of  the  bed  (18)  resembles  more  closely  the  Millard  coal 
opencil  at  C^oleman's  one-fourth  of  a  mile  below  Regina  than  it  does 
any  of  the  sections  of  the  Auxier,  but  its  position  as  determined  by 
road  sections  and  the  interval  between  it  and  the  Tx)wer  Elkhom 
on  Lower  Lick  lead  to  the  conclusion  that  this  much-parted  bed  is 
the  Auxier. 

Millm'd  coal. — About  1^  miles  below  the  mouth  of  Harless 
Creek,  on  the  left  side. of  Schoolhouse  Hollow,  perhaps  200  yards 
from  the  road,  there  was  once  an  o^Dcning  and  chute  at  the  Millard 
coal,  which  is  reported  to  be  2  feet  thick.  It  is  at  an  elevation  of 
17.")  feet  above  the  road,  or  1)80  feet  above  tide,  rests  on  GO  feet  of 
sandstone,  and  lias  a  shale  roof.  The  general  structure  along  the 
river  is  shown  by  the  gradual  lise  of  this  coal  bed  toward  the  east. 

Prohal)lv  tho  hirgest  pit  yet  opened  on  the  Millard  coal  is  that 
from  which  11.  K.  Coleman  has  taken  fuel  for  the  past  ten  years. 
It  is  situated  on  the  right  si(l(»  of  the  hollow  which  opens  at  his 
house,  opposite  Marrowbone  station,  at  an  elevation  of  250  feet  above 
tlu*  river,  an<l  is  rc^ached  hv  a  liaid  road.  The  bed  lies  on  50  fM  of 
heavy  sandstone  and  has  a  sandy  shale  floor.  It  is  4  feet  4  inches 
thick  (1*2),  and  the  coal  is  in  three  benches.  A  drift  has  l)een  drivea 
125  feet  S.  25  '  K.  This  bed  is  exposed  farther  up  the  hollow  at  the 
stable  built  by  David  Sanders.  An  analysis  of  the  Millard  coal,  made" 
from  a  sample  taken  by  the  writer  at  the  Coleman  bank,  is  given  or^ 
l)age  72. 

Bhiiihuni   fodl. —  An   18-inch  ImhI,  which  carries  considerable  iroi^ 
|)yrite  and   ()iitcr()i)s   in   the  bed   of  Harless  Creek  at   Will  WardV 
hons(»,   is  believed   to  be  at   the  same   horizon  as  the  8-foot   coal  a'  J 
niint(»r's.  on  Powell  Creek,  and  at  Binghanrs,  on  Ferrell  Creek.    Its  - 
position  is  MM)  to  isO  feet  below  the  Lower  Klkhorn  coal. 

Louu  r  Klkhorn  <o(fl. — Four  openings  on  this  coal  were  found  oi^^ 
IIarl(^ss  Creek  at  elevations  ranging  from   I,:VJ()  to  1,400  fei^t.     On^-J 
at   the  head  of  Kighthand    Fork   was  ()j)ened  in  the  hillside  abov»^ 
David  Coleman's  cabin  in   11)04.     The  pit   is  20  feet  wide  and  1^*^ 
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feet  deep,  timbered,  and  driven  southeast.  It  shows  15  inches  of 
laminated  on  top  of  4  feet  of  solid  coal  (10). 

On  Lower  Lick  of  left  fork  a  trench  shows  the  bed  5  feet  thick. 
This  prospect  can  be  found  by  going  up  the  bed  of  the  branch  about 
one-fourth  mile  and  climbing  the  right  hillside  at  a  point  marked 
by  a  tree  blazed  SR.  The  upper  18  inches  of  the  bed  at  this  point 
looks  like  cannel  coal  (15).  This  bed  has  been  prospected  on  the  left 
side  of  Corn  Hollow  at  an  elevation  of  1,320  feet  and  shows  a  thick- 
ness of  3  feet  3  inches.  At  the  left  side  of  Mose  Coleman  Hollow, 
which  is  the  first  on  the  left  above  Will  Ward's,  a  pit  opened  thirty 
years  ago  also  shows  the  l>ed  3  feet  3  inches  thick  and  dipping  west. 
The  upper  15  inches  of  the  bed  is  laminated. 

Upper  Elkhorn  coah — This  coal  was  seen  in  Mose  Coleman  Hol- 
low, at  the  head  of  Harless  Creek,  in  an  old  pit  on  Butler  Ratliff's 
land.  It  measures  5  feet  (14),  with  only  one  parting,  but  that  is 
rather  thick. 

JIMMIK    CREEK. 

Millard  coal, — On  Eatliff  heirs'  land,  about  1\  miles  above  the 
mouth  of  the  creek,  there  is  a  coal  bed  which,  from  its  geologic  re- 
lations and  elevation  of  1,050  feet,  seems  to  be  the  Millard.  It  lies 
between  the  usual  l)eds  of  sandstone,  but  it  is  much  thicker  here  than 
elsewhere,  owing  to  the  presence  of  shale  partings.  Section  17,  fig.  5, 
shows  the  character  of  the  bed. 

Sixty  feet  higher  there  is  a  bed  in  the  creek  below  Thomas  Rat- 
liff's  cabin  showing  over  15  inches  of  coal.  It  has  a  shale  roof  and 
thin  blue  clay  floor  resting  on  sandstone. 

Klkhorn  mah, — The  filkhorn  (*oals  have  not  been  prospected  on 
this  creek,  and  so  nothing  was  seen  of  them.  The  Upper  Elkhorn 
lies  well  below  the  summit  of  the  ridge  around  the  head  of  the  creek, 
but  the  ridge  is  so  narrow  and  steep  near  the  top  that  the  remaining 
portion  of  the  coal  bed  has  only  a  snuill  area. 

ROAD    CREEK. 

Geologic  section, — The  meager  section  obtained  on  this  creek  shows 
the  Auxier  coal  a  little  over  100  feet  above  the  river,  but  rising  rap- 
idly in  the  first  half  mile  up  the  creek.  Two  hundred  feet  above 
it  is  the  Millard,  and  320  feet  higher  is  the  Lower  Elkhorn.  The 
interval  between  the  last  two  coals  is  practically  the  same  as  in 
Powell  Creek  and  Higgs  Branch.  The  bl(K)ni  of  the  Bingham  coal 
was  seen  about  120  feet  higher  than  the  Millard  on  Isam  Fork.  Sec- 
tion 5,  PI.  Ill  (p.  38),  is  a  partial  representation  of  rocks  cm  this  creek. 

Auxier  coal, — Several  openings,  supposed  to  lx»  on  the  Auxier  coal, 
have  been  made  at  Joe  Ix)oney's,  1  mile  up  the  creek.  One  bank  has  a 
25-foot  drift  run  N.  30°  W.,  which  dips  into  the  hill  and  is  full  ^\t 
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water.  The  bed  rests  on  sandstone  and  has  a  shale  roof.  Only  2  feet 
of  coal  could  iHi  seen  in  the  flowled  «i)ening,  but  it  is  reported  that  at 
this,  as  well  as  other  openings  clase  at  hand,  there  are  3  feet  of  coal. 
The  ixicks  dip  strongly  to  the  west  on  lower  Road  Creek. 

Millard  roal, — Road  Creek  shows  two  openings  which  are  pre- 
sumed to  be  on  the  Millard  coal.  One  of  these  exposures  is  on  Isam 
P'ork  b}'  the  roadside,  a  shoit  distance  from  the  mouth  of  the  folk. 
It  shows  a  Siindstone  roof,  1  inch  of  coal,  3  inches  of  clay,  and  23 
inches  of  coal.  The  other  opening  reveals  the  same  thickness  of  bed 
under  a  sandstone  ledge  opposite  Mai-shall  Farmer's  house,  at  tiie 
mouth  of  Middle  Fork.    Its  elevation  is  1,072  feet. 

Lower  Elk  horn  coo/. — As  there  are  several  pits  on  this  creek  which 
are  timbered  and  kept  oj^en,  so  that  coal  can  be  taken  everj'  winter, 
the  character  of  the  l>ed  is  easily  studied.  In  every  case  the  roof  is 
shale,  and  the  floor,  which  could  not  be  seen  so  readily,  probably  is 
bone  closely  underlain  by  sandstone.  The  pit  nearest  the  river  is 
that  of  Rol)ert  Martin.  1.480  fwt  above  sea,  at  the  head  of  a  branch 
which  enters  Road  Creek  on  the  right  less  than  throe-fourths 
mile  above  the  mouth.  This  bank  has  been  driven  40  feet  N.  45®  W., 
but  it  drains  in.  The  bed  (20)  is  15  inches  laminated  and  4  feet  1 
inch  solid  coal.  A  sample  of  the  solid  coal  was  taken  by  the  writer, 
and  its  analysis  is  given  on  page  72. 

At  the  head  of  Coalbank  Hollow  Alex  Hackney  has  dug  a  20-foot 
drift  X.  7;")  K.,  and  timbered  it.  The  Ix^d  is  1  inch  thicker  than  at 
MartinV,  the  increase  being  in  the  solid  coal.  Around  the  next  spur 
in  the  head  of  Cotton  Patcli  Hollow,  on  John  T.  Ratlitf  heirs'  huul, 
a  drift  of  about  the  same  size  and  at  the  same  elevation,  1.4(55  feet, 
shows  just  .*>  feet  of  coal,  the  top  1.")  inches  of  which  are  laminated. 
Marshall  Farmer  has  an  opening  in  the  left  bank  at  the  bead  of 
Middle  Fork,  half  a  mile  above  his  house,  where  the  bed  (lf>)  has  the 
greatest  thickness  found  on  the  creek.  At  the  face  of  the  drift,  which 
is  l\()  feet  deep  and  driven  X.  15^  W.,  the  IkhI  shows  a  total  thickness  of 
5  feet  10  inches,  14  inclies  of  which  are  laminated.  Its  elevation  is 
1,1.^0  feet.  An  oj)ening  on  the  left  side  of  Main  Fork,  one-half  mile 
above  Marshall  Farmer's,  is  caved  so  that  the  full  thickness  of  the 
bed  could  not  be  determined,  but  the  usual  IT)  inches  of  laniinate<l 
coal  was  visible.  The  last  bank  to  be  descrilxMl  on  this  creek  is  that 
of  H.  (i.  Belch(»r,  at  the*  head  of  Isam  Fork.  The  coal  is  at  an  eleva- 
tion of  1,4*20  feet,  over  -lO  feet  lower  than  on  the  right  side  of  the 
creek  at  Hackney's  bank,  showing  a  westward  dip  of  the  rocks.  The 
IJelcher  pit  is  driven  east  10  feet  and  exposes  .*>  feet  4 J  inches  of  coal. 
An  increase  of  the  laminated  to  17  inches  is  noted  here,  also  the 
(KMirrence  of  a  one-half  inch  clay  i)arting  2  feet  3  inches  above  the 
iloor.  In  the  lower  bench  there  are  three  or  four  thin  partings,  not 
shown  in  the  section   (18,  lig.  0),  which  come  and  go  irregularly. 
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These  notes  show  that  the  Lower  Elkhorn  bed  on  Road  Creek,  exchid- 
ing  the  laminated  portion,  averages  fully  4  feet  of  available  coal. 

The  Tapper  Elkhorn  coal  is  so  high  in  the  ridge  that  there  is  only 
a  very  narrow  body  of  it  between  Road  and  Jimmie  creeks.  No  open- 
ings on  it  were  seen. 

FERRELL  CREEK. 

Geologic  section, — The  Elswick  coal  probably  is  not  more  than  (JO 
feet  below  the  surface  at  the  mouth  of  Ferrell  Creek,  for  the  Auxier 
coal  is  found  130  feet  above  the  river.  One  hundred  and  sixty  feet- 
higher  is  a  22-inch  coal  supposed  to  be  the  Millard,  and  125  feet 
above  that  a  2i-foot  bed,  here  described  as  the  Bingham.  The 
Lower  Elkhorn  occurs  about  300  feet  above  the  Millard,  or  at  eleva- 
tions ranging  from  1,480  to  1,000  feet  above  tide  as  the  creek  is 
ascended.  The  dip  along  this  creek  in  a  general  way  i^  strongly 
northwest.  The  Upper  Elkhorn  is  150  feet  above  the  Lower  and 
well  toward  the  tops  of  the  hills.  On  PI.  Ill  (p.  38)  is  a  section 
compiled  from  measurements  on  this  creek. 

Auxier  coal. — On  Middlefield  Branch,  on  (ieorge  Belcher's  land, 
there  is  an  old  opening  about  80  feet  above  the  mouth  of  the  hollow, 
in  which  2  feet  of  coal  is  reported.  Therocks  rise  up  Ferrell  Creek 
and  at  the  schoolhouse  just  below  Sprucepine  Fork  this  coal  shows 
15  feet  above  the  creek.  The  coal  is  22  inches  thick  and  has  a  blue 
shale  roof.  It  has  been  dug  along  the  crop  for  100  feet  to  get  fuel 
for  the  school. 

On  Board  Fork,  one-half  mile  above  Ferrell  Creek,  there  are  3 
old  openings  on  John  Belcher's  land.  One  of  these  is  an  entry 
driven  S.  40°  W.,  down  the  dip.  A  small  amount  of  coal  has  been 
mined  from  the  bed,  which  is  i*eported  to  be  3  feet  thick.  The  same 
bed  was  once  opened  at  Marion  Spear's  on  Shop  Branch  and  is  said 
to  carry  3  feet  of  coal.  In  both  of  these  places  the  roof  is  shale  and 
the  l)ed  is  on  top  of  a  considerable  thickness  of  sandstone. 

Millard  coal. — There  is  an  old  bank  in  the  first  hollow  on  the  west 
above  (ieorge  Belcher's  store  at  the  mouth  of  Ferrell  Creek  at  an 
elevation  of  about  225  feet  above  the  river.  The  l)ed  rests  on  heavy 
sandstone  and  has  a  shale  roof.  It  carries  2  feet  of  coal,  but  is 
broken  by  shale  partings,  the  thickest  of  which  is  4  inches  (21). 
In  Hoggston  Hollow,  at  an  elevation  of  1,100  feet,  or  200  feet  above 
Ferrell  Creek,  is  a  little  bank  on  the  Millard  coal,  owned  by  (ieor|^ 
Belcher.  It  shows  2^  feet  (22)  of  coal,  and  has  a  shale  roof  and 
sandstone  floor.  A  coal  at  water  level  in  the  bank  of  this  creek  at 
the  mouth  of  Bingham  Fork,  said  by  L.  B.  Roe  to  be  22  inches  thick, 
is  also  believed  to  be  the  Millard. 

Bingham  coal. — Another  and  a  higher  coal,  perhaps  125  f(»et  above 
this  last,  has  been  opened  back  of  E.  B.  Bingham's  cabin,  one-half 
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mile  lip  Binirhani  F*ork.  It  is  ralle«l  .1  2.^ -foot  Ijed.  but  the  bank  was 
<-av»^!  wliHn  the  Irnnlity  wa>  vi-iteil,  and  the  report  could  not  be  veri- 
fier!. The  writer  ir^ive  the  J.»eil  it-  name.  lje«-aur*  the  coal  was  first 
rHoiriiiztil  :iii«l  «lK*-riuiiietl  here,  where  the  Lower  and  Upper  Elk- 
horn  rf^jil-  ar»-  ii[»erietl  in  the  -aiiie  hillsi«le  an«l  the  intervals  between 
the  three  rtnil^  ar^  ea-ily  m«i-ure«l.  Tliis  c«jal  at  Bin|rhamV  ^e^ts 
on  4'»  fpet  of  .-;anl.-tone  ainl  i-  about  1V»  feet  Wluw  the  Lower  Elk- 
liorn  roal. 

Lo9r*  r  Klkhnm  *  t»'i1. — Pro-pei't  trenche-  driven  to  the  Ijower  Elk- 
horn  roal  on  ihi>  cnt^k  have  in  nio^t  ca^-es  fallen  in.  and  consequently 
I  lie  elevation  hut  not  the  rhara<"ter  of  the  lieil  can  lie  obtaiueil.  An 
rihl  jini>iie«-i  at  the  hea«I  of  II«»4;«r«ton  Hollow  shows  that  the  bed  Is 
at  an  elevation  of  1.4l«)  feet,  or  about  7<X»  feet  alx>ve  the  river,  while 
the  (*levin«rer  hank,  aI>o  caveil.  near  the  head  of  the  creek,  is  100 
fert  hi'rher.  >howin«r  the  ri-e  of  the  nx^ks  to  the  east.  A  «ro<xl  o|jeu- 
in^  is  that  of  Arch  Hog«rston,  a  few  hundred  yards  back  of  his 
hon>*\  at  the  right  head  of  Middlefield  Branch.  The  bed  is  at  an 
elevation  of  1.47.'i  feet,  has  a  3-foot  rrH>f  of  sandy  shale  overlain  "by 
sandstone,  and  measures  b  feet  2  inches  thick.  The  bed  is  made  up 
of  14  inches  laminateil  and  3  feet  11  inches  of  solid  coal  with  a  1-inch 
clay  parting  14  inches  alxjve  the  floor. 

On  Sprur-epine  Fork  at  an  elevation  of  l.r4()  feet,  on  the  .spur  be- 
t\v(M»n  the  main  hraiifhe-.  a  pnxpts-t  tn'urh  was  cut  in  August,  1IK)6, 
wliifli  -lio\v>  the  hed  tf)  he  >  feet  4^i  inrhes  thick.  This  is  an  uruisual 
lhirk«-niiig.  an«l  i-  tine,  as  is  the  incivase  at  almost  every  oiwning  on 
Fcrn-Il  ('r«'ek.  tr»  the  addition  of  a  day  parting  ami  another  bench 
of  coal  to  the  holtom  of  the  l)etl.  The  >ertion  in  tietail  at  this  open- 
ing, which  i-  on  ( leorge  Belcher's  lanil,  i>»:  Laminated  coal  K)  inches, 
"  mother  coal"  one-fourth  inch,  coal  17  inches,  "mother  coal'*  one- 
fourth  inch,  coal  1^  inches,  i-lay  i^n  inches,  coal  liU  inches.  At  the 
right  head  of  a  >mall  hranch  which  enters  the  main  stream  at  Rich- 
ard KplingV.  one-tiiird  mile  Udow  the  gap  leading  to  Koad  Fork,  a 
hank  ha-^  heen  driven  J.^  feet  X.  :>.")■  E.  The  l>ed  is  5  feet  0  inches 
thi'k  Cll)  with  I  foot  of  (day  shah*  sej)arating  it  from  the  over- 
lying sand>tone.     Th(»  laminated  portion  is  only  VI  inches  thick. 

Ahners  Fork  is  the  site  of  hcveral  oj)enings  in  wdiich  the  bed  has 
a  thicknc-r,  of  over  <>  feet.  An  opening  made  at  the  head  of  the  first 
left  fork  at  an  elevation  of  1,41K)  feet  is  reported  hy  J.  W.  Chuivh  to 
have  revealed  C)  fe«*t  of  coal.  L.  B.  Koe's  haidv  CJ.'M  at  the  head  of 
Ahners  Fork  is  driven  l^t  feet  in  a  -outlieast  direction.  Tinil)erinj:j 
keep>  it  open  so  that  coal  can  he  mined  every  winter.  The  laminated 
coal  ir>  inches  tliick  is  not  mined.  T'nder  it  is  4  feet  of  coal,  then  fi 
i'lclu's  of  (lay.  and  a  hottom  hench  of  14  inches  of  coal.  This  section 
dillers  fiom  th:it  at  another  ojxMiing  {'IV)  on  Roe's  land  across  the 
creek  from  the  above  and  at  the  same  elevation,  LMV)  feet,  where  tlie 
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bottom  bench  of  coal  is  3  inches  thicker  and  the  clay  3  inches  thinner. 
On  the  right  branch  of  a  hollow  which  enters  Bingham  Fork  at 
E.  B.  Bingham^s  cabin  a  coal  bank  has  been  drifted  in  about  15  feet. 
The  bed  (25)  is  6^  feet  thick,  and  has  16  inches  of  laminated  coal  at 
the  top. 

Upper  Elkhom  coal. — A  newly  faced  trench  at  Bingham's,  150 
feet  above  his  bank  on  the  Lower  Elkhorn,  showed  75  inches  of  coal 
in  an  unbroken  bed  (26)  at  an  elevation  of  1,680  feet.  On  the  right 
fork  of  Sprucepine  Fork  a  prospect  opened  by  George  Belcher 
shows  the  Upper  Elkhom  7  feet  thick  (28).  A  prospect  at  the  head 
of  Abners  Fork,  160  feet  above  (24),  at  an  elevation  of  1,640 
feet,  found  the  Upper  Elkhom  coal,  but  caving  had  concealed  the 
bed  so  that  it  could  not  be  measured.  J.  W.  Church  reports  that 
this  coal  at  the  head  of  the  hollow  back  of  his  house  is  about  4  feet 
thick  and  at  the  head  of  Honey  Fork  is  6  feet  thick. 

BEAVER  CREEK. 

Geologic  section. — ^The  geologic  section  on  this  creek  begins  with 
the  sandstone  under  the  Elswick  coal  and  extends  more  than  100  feet 
above  the  Upper  Elkhom  coal.  Nothing  was  observed  of  the  upper 
part  of  the  section,  so  the  figures  on  the.  columnar  section  sheet  only 
partially  represent  the  stratigraphy  of  Beaver  Creek.  It  will  be  seen 
that  the  Auxier  coal  is  about  190  feet  above  the  Elswick  and  that  the 
correlation  and  elevation  of  coals  above  this  is  uncertain.  This  is 
due  partly  to  the  fact  that  no  exposures  of  the  upper  coals  were 
found  except  one  at  the  head  of  the  creek.  The  rocks  rise  rapidly  up 
Beaver  Creek,  but  the  writer  is  skeptical  about  the  position  of  the 
Liower  Elkhom  being  so  high  as  is  indicated  on  the  Big  Sandy  Com- 
pany map. 

Elswick  coal. — Close  beside  the  schoolhouse  at  the  mouth  of  Beaver 
Creek  at  an  elevation  of  821  feet  above  tide  there  is  an  exposure  of 
the  Elswick  coal.  The  roof  is  2  feet  of  sandstone  overlain  by  shale 
and  the  floor  is  sandstone.  There  are  two  benches  of  coal,  the  upper 
28  to  30  inches  and  the  lower  7  inches,  with  an  8-  to  9-inch  shale 
parting  between  them  (30).  On  the  river  a  few  hundred  yards 
above  the  mouth  of  Beaver  Creek  this  coal  in  a  small  opening  shows  1 
foot  of  clay  between  it  and  the  underlying  25-foot  sandstone  and  has  a 
shale  roof.  The  bed  is  a  trifle  thinner,  having  32  inches  of  coal 
underlain  by  2  inches  of  bone  and  6  inches  of  coal. 

Auxier  coal. — In  the  hollow  one-fourth  mile  below  Beaver  Creek, 
Kyus  Roberts  takes  out  a  little  coal  every  winter  from  a  bank  driven 
about  75  yards  S.  45°  E.  The  roof  is  blue  shale  and  the  floor  black 
slaty  rock.  Solid  coal  2  feet  7  inches  thick  is  found  in  the  bank  (29), 
but  it  increases  to  3  feet  at  the  outcrop.  There  is  a  prospect  above  the 
first  left  fork  of  Mud  Lick  Branch  of  Beaver  Creek  on  the  land  of 
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Enoch  Belcher,  which  shows  a  shale  roof,  4  inches  of  coal,  5  inches 
of  clay,  and  1  foot  of  coal  at  the  bottom  of  the  prospect.  This  lower 
bench  is  said  to  l>e  3  feet  thick. 

The  blossom  of  the  Aiixier  coal  was  found  in  measuring  a  section 
at  a  small  branch  one-half  mile  up  Beaver  Creek  at  an  elevation  of 
170  feet  alx)ve  the  road.  An  opening  made  years  ago  but  closed  now 
could  readily  1h»  reoj^ened  back  of  the  house  at  the  mouth  of  Stone- 
coal  Brancli.  Two  and  one-half  feet  of  coal  is  said  to  have  been 
found  here.  The  writer  is  in  doubt  whether  the  coal  opened  on 
l)oth  sides  of  the  creek  at  Bal)e  Potter's,  just  above  the  mouth  of  Left 
Fork  may  not  also  be  Auxier.  A  hurried  tracing  of  the  rocks 
along  the  creek  seemed  to  indicate  that  the  coal  at  the  mouth  of 
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Vui.  <».    -Aiixirr  ronl   nortUms. 

Stoiiecoal  Branch  passes  Inflow  the  crock  near  the  mouth  of  Flat 
Fork,  l)iit  il  is  possihh*  there  is  suflicicnt  inclination  of  the  vock> 
to  keep  it  above  water  for  some  distance  ui)streain.  The  opening  op- 
])osite  Hal)e  Potter's  is  closed,  but  one  back  of  the  cabin  shows  a  shale 
roof  and  lii  fwt  of  coal.  The  floor  was  hidden  by  water,  and  a  lower 
bench  of  coal  reported  by  the  owner  was  not  seen.  The  same  beil 
has  been  dug  into  on  the  Left  Fork  just  alune  the  mouth. 

On  Kight  Fork,  in  a  hollow  back  of  Mrs.  FlizalnMh  Ramey\s  place, 
coal  has  been  dug  from  a  small  bed,  which  is  140  feet  alM)ve  the  coal 
at  Ral)e  Potter's,  but  seemingly  not  high  enough  for  the  Millard  a)al. 
At  the  month  of  Bear  Fork,  00  feet  alM)ve  the  creek,  Enoch  Belcher 
drifted  L^O  feet  into  the  hill  in  an  easterly  direction  and  took  out  anl 
for  several  years.     I.  8.  8alycr  rej)orts  that  the  bed  is  about  4  feet 
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thick,  with  a  thin  slaty  parting  10  inches  from  the  roof  and  another 
8  inches  from  the  floor. .  This  coal  is  about  340  feet  below  the  lower 
Elkhorn,  and  may  possibly  be  the  Millard.  Bear  Fork  is  a  left  branch 
of  Left  Fork,  1  mile  above  its  mouth. 

Elkhorn  coals. — At  the  head  of  Houselog  Branch,  near  Basil 
Belcher's  cabin,  a  prospect  trench  imcovered  a  coal  bed  supposed  to 
be  the  Lower  Elkhorn  at  an  elevation  of  1,612  feet  or  200  feet  above 
the  cabin.  The  coal  is  reported  to  be  2  feet  10  inches  thick,  but  can 
not  be  seen  now  on  account  of  caving.  Near  the  top  of  the  ridge, 
at  an  elevation  of  1,770  feet,  directly  back  of  the  cabin,  the  Upper 
Elkhorn  was  located,  but  the  trench  had  been  allowed  to  cave.  The 
bed  is  said  to  be  7  feet  thick.  The  Upper  Elkhorn  at  the  head  of 
Bear  Fork  is  reported  to  be  9  feet  thick,  but  this  was  not  verified. 
The  Lower  Elkhorn  on  this  fork  is  reported  by  I.  S.  Salyer,  who 
lives  at  its  mouth,  to  be  5  feet  thick  with  a  6-inch  parting  in  the  lower 
portion. 

At  the  head  of  Left  Fork  of  Beaver  Creek,  in  the  run  above  the 
elbow  in  the  road  and  close  under  the  top  of  the  ridge.  Miles  Potter 
has  opened  the  Upper  Elkhorn  and  timbered  a  drift  about  20  feet 
deep.  It  shows  a  bed  of  coal  6  feet  9  inches  thick,  with  only  two 
thin  partings  not  over  an  inch  thick  (31).  This  bed  has  an  excel- 
lent appearance  and  would  be  worthy  of  attention  except  for  the 
fact  that  it  is  so  close  to  the  top  of  the  ridge  as  to  have  but  little 
•  body.  Even  as  it  is,  this  bed  might  be  worked  in  conjunction  with 
the  Lower  Elkhorn  if  the  latter  should  be  mined  on  this  creek. 
Several  other  openings  have  been  made  on  the  Elkhorn  coals  in  the 
hills  around  Beaver  Creek,  but  in  most  cases  they  were  merely 
prospect  trenches,  and  not  being  timbered  they  caved  or  fell  in 
within  a  few  months  and  the  coal  could  not  be  seen. 

GRASSY  CREEK. 

Geologic  section. — At  the  mouth  of  Grassy  Creek  the  Lee  con- 
glomerate rises  150  feet  above  the  water  on  the  west  and  nearly 
1,000  feet  on  the  east.  This  is  because  the  Pine  Mountain  fault, 
but  a  few  rods  to  the  east  of  the  creek,  raises  the  Lee  high  in  the  air. 
A  small  coal  bed  in  the  Lee  is  said  to  be  exposed  at  the  mouth  of  the 
creek,  but  it  was  not  discovered  by  the  writer.  Section  12,  on  PI. 
Ill  (p.  38),  is  compiled  from  notes  on  Trace  Fork,  and  principally 
from  Greasy  Spur  at  the  head  of  the  fork.  By  tracing  the  rocks  up 
the  creek  the  conclusion  was  reached  that  the  horizon  of  the  xVuxier 
coal  is  but  little  above  the  stream  at  the  mouths  of  Trace  and  Cow 
forks.  This  being  the  case  and  the  dip  being  gentle  to  the  north- 
west, the  position  of  a  coal  found  near  the  head  of  the  fork  on 
Greasfy  Spur  coincides  closely  with  the  position  of  the  Lower  Elk- 
horn. 
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Elswich  coal. — Although  no  openings  were  seen  on  the  Elswick 
coal  between  Elkhorn  City  and  Grassy  Creek,  the  horizon  can  be 
traced  without  difficulty  just  above  the  highway,  which  is  for  most  of 
the  distance  near  the  top  of  the  Lee  conglomerate.  The  bloom  of  the 
Elswick  coal  shows  in  the  road  up  Grassy  Creek  just  north  of  Big 
Hollow. 

A^txier  coal. — The  first  opening  on  the  Auxier  coal  that  was  seen 
in  going  up  the  creek  is  on  Trace  Fork,  about  one-third  of  a  mile 
above  Riley  Cavin's  place.  Here  a  prospect  shows  20  inches  of  coal 
(32)  with  a  fossil  if erous  shale  roof.  This  opening  is  1,113  feet  above 
tide.  On  the  right  side  of  Abes  Fork  just  above  Gavin's  an  opening 
at  1,153  feet,  known  as  No.  1  of  the  Yellow  Poplar  Company,  shows  2| 
feet  of  coal,  and  doubtle^ss  is  the  same  l)ed.  As  the  dip  in  the  vicinity 
is  northwest,  it  is  possible  that  one  of  the  two  small  beds  found  1  mile 
farther  up  Al)es  Fork  may  be  the  Auxier.  One  is  at  the  mouth  of 
Locust  Thicket,  1,140  feet  above  sea,  and  has  1  foot  or  more  of  coal, 
the  whole  thickness  of  the  bed  not  being  visible.  The 
34  roof  is  blue  fossiliferous  clay.    On  the  opposite  side  of 

^^^  Abes  Fork  and  a  few  rods  farther  up,  a  crop  in  the  creek 
bank  shows  a  19-inch  coal  bed  (35),  which  is  20  feet 
higher  than  the  one  just  described.  It  has  a  sandstone 
roof. 

The  Yellow  Poplar  Company  made  three  openings 
on  a  bed  which  lies  al)out  100  feet  above  the  Auxier,  the 
threo  being  1,205  to  1,270  feet  above  sea.  A  clay  part- 
ing is  foniul  near  the  bottom  of  each.  No.  2  oix^ning 
vui.  7.  -Yellow  '"^hows  the  bed  4  feet  2  inches  thick  with  a  7-inch  clay 
I'opiar  coal  baud.  No.  3  is  reported  5  feet  thick  with  the  same  clay 
seam.  1  his  oj)ening  is  said  to  have  struck  a  fault  162 
fei't  from  the  entry,  which  is  quite  possible,  as  this  is  close  to  the  line 
of  the  IMne  Mountain  fault.  No.  4  opening  on  the  left  of  Old  House 
Branch  discovers  the  same  bed  ov(»r  (>  feet  thick  (34)  at  the  face  of  the 
drift,  which  is  1  foot  more  than  at  the  mouth  of  the  entry.  A  small 
fault  having  a  northeast  courst*  at  the  face  of  the  15-foot  drift  dis- 
places th(»  up[)er  bench  a  few  inches,  but  does  not  disturb  the  bottom 
l)ench  of  coal. 

M  ilia  I'd  coaL — If  tlie  correlation  of  the  Auxier  is  correct,  then 
a  coal  found  200  fe(^t  abo^'e  it  on  the  left  of  Trace  Fork  should  be 
the  Milhird.  Tracinii:  tlie  horizon  up  the  creek  it  seems  to  l>e  the 
conl  found  at  the  southern  end  of  Greasy  Sjuir,  Avhich  W.  T.  Griffith, 
a  local  surveyor,  calls  the  Greasy  Spur  coal.  Two  openings  on  this 
coal  made  near  water  level  \\  miles  up  Trace  Fork  show  a  bed  5  feet 
S  inches  to  0  feet  1  inch  thick,  with  ^i  partin<rs  (»i3).  These  are  at 
an  elevation  of  1,220  feet.    On  Kattlesnake  Hollo^v,  200  feet  higher. 
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a  3- foot  bed  has  been  found.    This  has  about  the  proper  position  to 
be  the  Bingham  coal. 

Lower  Elkhorn  coal. — So  far  as  known  only  one  opening  has  been 
made  on  the  Lower  Elkhorn  coal  in  the  valley  of  Grassy  Creek. 
This  is  at  the  extreme  head  of  the  main  branch  of  Trace  Fork  and 
at  an  elevation  of  1,645  feet.  It  is  on  the  east  side  of  Greasy  Spur 
and  400  feet  lower  than  the  gap  leading  to  the  head  of  Beaver  Creek. 
The  opening  has  been  made  since  the  writer  left  the  field  and  is  re- 
ported by  Mr.  Griffith  to  show  a  4-foot  10-inch  bed.  The  Upper 
Elkhorn  should  be  found  higher  in  the  ridge,  but  can  have  only  a 
small  acreage  on  account  of  its  position  near  the  top  of  the  hills. 

MARROWBONE  CREEK. 

Geologic  section. — The  horizon  of  the  Auxier  coal  is  less  than  100 
feet  above  water  level  at  the  mouth  of  the  creek  while  the  great 
Flatwoods  bed  is  000  or  700  feet  below  the  highest  point  in  the  area. 
There  is  then  from  the  mouth  of  this  creek  to  the  divide  at  the  head 
a  geologic  section  nearly  2,000  feet  thick.  The  rocks  above  tlie 
Upper  Elkhorn  coal  are  shown  in  the  general  section  (fig.  3)  and 
the  lower  rocks  are  partly  represented  in  the  Marrowbone  and  Henry 
Clay  mine  sections  on  the  columnar  section  sheet  (PL  III,  p.  38). 
It  is  sufficient  to  state  that  the  Millard  coal  is  found  at  the  mouth 
of  the  creek  at  an  elevation  of  1,000  feet  above  tide  or  270  feet  above 
the  river.  The  Bingham  coal  of  workable  thickness  occurs  175  feet 
and  the  Lower  Elkhorn  370  feet  above  the  Millard.  The  Upper 
Elkhorn  is  160  to  180  feet  higher  than  the  Lower  Elkhorn  and  the 
Flatwoods  bed  is  at  least  500  feet  above  the  former.  The  rocks  be- 
tween the  coals  are  all  shales  and  sandstones.  The  shales  are  in 
part  argillaceous  and  in  part  arenaceous,  while  the  sandstones  vary 
from  shaly  to  coarse  and  massive. 

Auoeiei*  coal. — By  tracing  the  rocks  along  the  railroad  from  Moores 
Branch  down  the  river  to  Marrowbone  Creek,  the  coal  on  top 
of  a  massive  sandstone  and  level  with  the  roof  of  Marrowbone 
station  seems  to  be  equivalent  to  the  Auxier.  If  so,  the  Auxier  is  an 
insignificant  coal  on  this  creek,  for  it  is  small  in  the  outcrops  along 
the  railroad  and  passes  below  the  level  of  the  creek  in  a  short 
distance. 

Millard  coal. — About  240  feet  above  the  railroad,  at  the  mouth  of 
the  Marrowbone,  on  the  land  of  Alec  Johnson,  on  the  right  of  the 
creek,  the  Millard  coal  has  been  shown  by  an  opening  to  be  2\  feet 
thick.  On  account  of  the  dip  to  the  west  this  coal  is  somewhat 
lower  on  Wolfpit  Fork,  where  it  has  been  opened  (37)  on  John 
Coleman's  place  1,000  feet  up  Left  Fork.  Dan  Stewart  keeps  a  small 
bank  open  across  the  run  from  his  house  in  Laurel  Hollow.    He  has 
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Wolfpit  Fork 


2^  feet  (40)  of  solid  coal  between  shales.  One-half  mile  up  Rock- 
house  Creek,  on  the  north  side  and  above  the  sawmill,  where  this  coal 
has  been  opened  on  Henry  Ratliff's  land,  the  bed  (46)  has  a  bottom 
bench  of  2G  inches  of  solid  coal  overlain  by  13  inches  of  shale,  coal, 
and  bone.  One  mile  up  Rockhouse  Creek,  where  the  Millard  goes 
under  water,  it  is  exposed  in  the  south  stream  bank  for  75  feet  and  is  a 
2^-foot  bed  (47),  the  top  3  inches  of  which  are  bony.  The  roof  is 
sandstone  and  the  floor  shale. 

At  the  mine  of  the  Marrowbone  Coal  and  Coke  Company,  just 
above  the  mouth  of  Rockhouse  Creek,  there  is  an  opening  on  the 
Millard  at  an  elevation  of  953  feet  which  shows  2. feet  4  inches  of 
coal  (41)  with  a  shale  roof.  This  opening  is  370  feet  below  the  Lower 
Elkhorn  coal,  which  is  mined  directly  above.  It  is  known  at  the 
mine  as  the  Auxier,  but  the  writer  feels  certain  it  is  the  coal  that 
has  been  traced  from  Coleman's  at  Regina  to  Huffman's  at  Millard, 
and  not  the  coal  which  has  been  traced  from  the  mouth  of  Marrow- 
bone Creek  to  Elkhorn 
Creek. 

At  the  end  of  the 
railroad  cut  near  the 
mouth  of  Johnson 
Fork  there  is  a  partly 
caved  opening  (45)  in 
which  the  dip  is  G^  W. 
and  which  has  20 
inches  of  clear  coal  in 
a  2  foot  1)  inch  bed. 
This  bed,  opened  under 
the  road  below  the  mouth  of  Mill  Creek,  appears  about  3  feet  thick, 
but  has  t(H>  many  partings  to  be  of  vahie.  The  sandstone  roof  is 
very  irregular.  These  eight  openings  show  an  average  of  alx^ut  30 
inches  of  workable  coal  in  the  Millard  bed  on  Marrowbone  Creek. 

HuKjham  roah — Two  measurements  were  obtained  of  the  Bing- 
ham coal  on  Marrowbone  Creek.    One  is  of  the  prospect  made  by  the 
Marrowl)ono  Coal  and  Coke  Company  at  their  mine,  where  the  bloom 
Avas  discovered  100  feet  below  the  Lower  Elkhorn  in  grading  for  the 
incline  from  the  pit  mouth  to  the  tipple.     The  coal  was  faced  close 
to  the  surface  and  the  actual  character  of  the  bed  under  cover  mav 
not  have  Ihhmi  revealed.     Tt  showed  3  feet  3  inches  of  coal  in  two 
benches  separated  by  14  inches  of  clay  (42).     It  is  possible  that  there 
is  some  swelling  here  at  the  croj)  and  that  there  may  be  thin  partings 
in  the  lower  bench  which  could  not  be  distinguished  in  the  weathered 
condition  of  the  coal. 
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Fnj.  S, — Bingham  coal  sections. 
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Another  opening  on  this  coal  was  seen  at  Alec  Ratliff's,  on  Left 
Fork  of  Wolfpit  Fork.  It  has  a  good  appearance,  being  2^  feet 
thick  (38),  and  lies  between  shales. 

Lower  Elkhom  coal. — Besides  the  pits  opened  on  the  Lower  Elk- 
horn  coal  for  family  use,  many  prospect  trenches  have  been  cut  to 
prove  its  extent  and  character.  The  outcrop  of  the  coal  as  shown 
on  the  map  (PI.  I),  which  is  from  D'Invilliers's  survey,  was  run 
in  part  by  stadia.  Many  of  the  prospect  trenches  have  been  allowed 
to  cave,  so  that  the  writer  could  not  obtain  measurements  of  the 
coal  at  so  frequent  intervals  as  did  Mr.  D'Invilliers,  but  nevertheless 
more  sections  of  the  coal  were  obtained  than  are  deemed  necessary 
for  a  thorough  description  of  the  bed  in  this  part  of  the  field.  The 
character  of  the  bed  at  12  different  places  on  the  creek  and  its 
branches  will  be  described. 

On  Wolfpit  Fork  there  is  an  old  pit  near  the  head  of  the  creek 
on  the  right  above  the  bend,  which  shows  the  full  section  (36). 
The  roof  and  floor  are  shale.  The  coal  is  3  feet  4  inches  thick,  with 
4  inches  of  bone  on  top,  and  without  the  partings  or  laminated  coal 
that  are  found  in  much  of  this  field. 

At  the  head  of  the  first  hollow  on  the  right  of  Marrowbone  above 
Wolfpit  and  nearly  opposite  Bath  Hollow  there  is  an  opening  on  Joe 
Hatliff's  land  from  which  coal  is  taken  every  winter.  It  has  a  shale 
roof  and  floor,  but  the  section  of  the  bed  (39)  differs  in  all  its  details 
from  that  just  described.  Here  a  15-inch  shale  is  overlain  by  2  feet  9 
inches  of  coal  and  underlain  by  2  inches  of  bone  and  9  inches  of  coal. 
Still  there  is  no  doubt  that  these  two  openings  are  on  the  same  bed. 
At  the  head  of  Deadening  Fork  of  Rockhouse  Creek  a  pit  (48) 
driven  in  about  15  feet  on  a  dip  5°  south  shows  practically  the  same 
character  of  bed  as  at  the  head  of  Wolfpit  Fork. 

The  next  opening  on  the  Lower  Elkhorn  coal  found  in  going  up 
Marrowbone  Creek  is  that  at  the  Marrowbone  mine,  just  above  the 
mouth  of  Rockhouse  Creek.     At  this  point  the  bed  is  over  400  feet 
ft  above  the  creek.    Two  drifts  had  been  driven  in  125  feet  by  Septem- 
ber 1,  1906.  -  These  were  run  S.  30°  E.,  and  found  the  rocks  dipping 
in  that  direction  for  100  feet.     At  125  feet  from  the  crop  the  rocks 
begin  to  rise.    The  Lower  Elkhorn  at  this  mine  has  a  shale  roof  and 
floor,  2  feet  8  inches  of  solid  coal,  and  a  top  bench  of  16  inches  (43) 
of  laminated  coal.    It  is  noticeable  that  the  lower  4  inches  of  the 
laminated  bench  is  rumpled  or  contorted,  as  if  it  had  been  rolled  under 
a  load.    The  fact  that  this  16-inch  bench  is  not  marketable,  because 
I     it  breaks  down  to  slack  and  runs  high  in  ash  makes  this  bed  less 
n/^tractive  for  mining  than  it  might  otherwise  be.     The  same  trouble 
is  found  in  all  the  mines  that  have  attempted  to  market  run-of-mine 
co^X  from  this  bed  on  Marrowbone  Creek. 
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One-half  mile  below  the  head  of  Poorbottom  Creek  James  Gibbs 
has  nm  a  drift  in  75  feet  on  the  left  side  on  the  Tjower  Elkhom  and 
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Fig,   V>.- -Lower   Elkhorn   coal   si'ctions. 


found  tlio  bed   about  ^  foot   4  inches  thick.     At  the  head  of   Big 
Branch,  on  Levi  Coleman's  place,  the  same  thickness  is  found,  but  the 
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upper  12  inches  is  a  mixture  of  shale  and  coal.  It  shows  2  feet  6 
inches  of  solid  coal  (51)  with  one  parting.  The  floor  is  shale  and  the 
roof  sandstone. 
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FiQ.  10. — Lower  Elkhom  coal  sections. 


The  Henry  Clay  mine  is  between  Poorbottom  Creek  and  Big 
Branch.  In  September,  1906,  an  entry  and  parallel  air  course  had 
been  driven  550  feet.    Two  measured  sections  of  the  bed  were  ob- 
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tained,  one  near  the  outcrop  (49)  and  the  other  at  the  face.  In  both 
places  a  one-fourth  to  one-half  inch  band  of  clay  is  found  4  inches 
above  the  floor,  and  the  laminated  coal  is  14  inches  thick.  The  differ- 
ence between  the  two  sections  is  the  variation  in  the  amount  of  coal 
between  the  clay  band  and  the  laminated  coal.  At  the  entry  the 
main  bench  of  coal  is  2  feet  8  inches  and  at  the  face  2  feet  4  inches. 
The  amount  of  marketable  coal  in  the  mine  as  developed  at  that  time 
varied  from  2  feet  8  inches  to  3  feet.  The  roof  is  3  feet  of  shale, 
which  caves  badly. 

On  Sycamore  Fork  one  section  was  obtained  (52)  from  an  opening 
on  the  right  of  Lick  Branch  one-half  mile  above  the  mouth  on  the 
land  of  J.  A.  Mullins.  Here  there  is  a  60- foot  drift  showing  3  fed 
of  solid  coal  and  15  inches  of  laminated  coal.  The  roof  and  floor  are 
shale.  This  is  a  very  characteristic  section  of  the  Lower  Elkhom  in 
much  of  this  field. 

The  Greenough  mine  is  on  the  left  of  Cassell  Fork  just  above  the 
mouth.     Shale  makes  the  roof  and  floor.     The  bed  is  composed  of  an 
upper  bench  of  laminated  coal  and  a  lower  bench  of  hard,  block  coal 
of  fine  appearance.    At  the  mouth  of  the  entry  the  laminated  is  1 
foot  thick;  50  feet  inside  it  has  increased  to  2  feet  4  inches  (63),  and. 
at  300  feet  from  the  outcrop  it  is  16  to  17  inches  (63a).    The  lower 
bench  or  block  coal  at  the  same  points  is  2  feet  10  inches,  2  feet  6  inche&-s 
and  2  feet  8  inches  to  3  feet.     The  main  heading  was  full  of  water  i'^ 
Septeniher,  lOOC),  and  the  face  GOO  feet  from  the  entry  was  said  t^^ 
show  only  0  Indies  of  coal.     This  is  the  only  instance  known  to  tl:*-^ 
writer  in  which  the  Lower  Elkhorn  coal  falls  below  2  feet  in  thicfe^' 
ness,  hut  it  su^z^esls  the  possibility  of  other  considerable  variatioi^*-  ^ 
beinn:  found  as  development  ])rogresses.     Unless  the  bed  maintain*—  ' 
a  fairly  constant  thickness  and  some  use  can  be  found  for  the  lam^^- 
nated  coal,  the  Lower  Klkhorn  does  not  promise  to  be  a  good  minin^^ 
j)roposition  in  this  part  of  the  field. 

At  the  Pike  mine,  on  Cassell  Fork  1  mile  above  Hellier,  the  larai 
nated  coal  varies  from  2  to  22  inches  and  the  solid  coal  from  2  feet  ^^ 
inches  to  *)  feet  9  inches.     The  following  measurements  were  obtaineC^ 
in  the  lower  mine: 

Srcfioihs  of  Loirrr  Klkhani  votil  at  Pikv  mine. 
I.ocatloii. 
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In  the  main  heading  where  for  a  few  rods  the  laminated  coal  is 
ery  thin,  a  soft  clay  is  found  between  it  and  the  overlying  shale, 
nd  there  are  abundant  evidences  of  movement.  The  block  coal 
t  this  point  is  undisturbed.  The  mine  shows  an  average  of  34 
nches  (61)  of  marketable  coal.  If  means  could  be  devised  for  re- 
lucing  the  amount  of  ash  in  the  laminated  coal,  or  of  using  this 
»ench  to  advantage,  the  worth  of  the  bed  would  be  greatly  increased. 

The  laminated  coal  of  the  Lower  Elkhorn  bed  was  sampled  at 
hree  different  points  in  the  Pike  mine  and  mixed  to  get  a  fair 
iverage-  Samples  of  the  solid  coal  and  of  the  whole  bed  were  taken 
:or  comparison,  and  the  analyses  are  given  on  page  72.  These 
malyses  show  only  4.08  per  cent  of  ash  in  the  solid  coal,  but  22.37 
>er  cent  of  ash  in  the  upper  bench  or  laminated  coal  makes  the  pro- 
[)ortion  of  ash  in  the  whole  bed  objectionably  high.  The  companies 
operating  on  Marrowbone  Creek  have  found  that  their  customers 
mH  not  accept  run-of-mine  coal  from  this  bed,  and  they  are  obliged 
o  throw  the  laminated  on  the  waste  dump. 

The  writer's  sample  of  the  whole  bed  is  higher  in  ash  than  sam- 
ies  taken  by  others,  which  are  said  to  represent  the  entire  thick- 
2SS  of  the  bed.  He  is  confident  that  the  sample  taken  in  the  Pike 
iixe  is  representative  of  the  laminated  portion  of  the  Lower  Elk- 
•rm  coal,  and  this  statement  is  supported  by  the  following  analyses. 
'  *he  writer's  request  Mr.  Lowry  Lewis,  manager  of  the  Pike  mine, 
^t:  50  jx)unds  of  laminated  coal  in  chunks  representing  the  different 
fii^ses  of  its  occurrence.  From  these  the  writer  selected  three  sam- 
^3S  which  may  be  described  as  follows : 

^^imple  1.  Dull,  bony  coal  with  numerous  pai)er-tliin  lamellae  of  bright  coal. 

^«^k8  in  flat  slabs. 

5ji^inple  2.  Bony  coal,  about  two-thirds  dull  and  one-third  bright,  glistening 

■^^llfie.    Breaks  In  flat  slabs. 

^^mple  3.  Mixed  dull  and  bright  coal,  mashed,  contorted,  and  showing  many 

-^  faces.    Slacks  very  readily. 

A^nalyses  of  these  samples  made  in  the  chemical  laboratory  of  the 
ix^vey  by  George  Steiger  show  the  following  ash  content:  Sample 
^-  1,  35.22  per  cent  ash;  No.  2,  18.81  per  cent  ash;  No.  3,  10.26  per 
^t  ash. 

"Whether  the  percentage  of  ash  could  be  greatly  reduced  by  wash- 
'^  the  laminated  coal  should  be  determined  by  testing  several  tons 
^  a  coal  washery. 

I^urther  evidence  of  the  high  content  of  ash  in  the  laminated  por- 
^^n  of  the  Lower  Elkhorn  coal  bed  is  shown  by  the  following 
^^alyses  from  samples  taken  by  independent  investigators: 
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Analyses  of  laminated  bench  of  Lower  Elkhorn  coal. 


Moisture... , 

Volatile  matter. 

Fixed  earbon 

A8h - 


Marrow- 
bone mine.* 

Edgewater 
mine.* 

2.W 
28.24 
42.60 
26.66 

1.62 
28.46 
49.18 
20.84 

Petert 
Creek. » 


Sl.OD 
68.75 
16.23 


<*  Analysts,  Froehling  and  Robertson. 


^Analyst,  J.  O.  Mathewson. 


The  sample  which  represents  the  Marrowbone  mine  was  taken  by 
S.  M.  Buck,  of  Bramwell,  W.  Va.,  from  a  single  lump  of  laminated 
coal,  and  does  not  profess  to  be  an  average.  The  laminated  coal  in 
this  mine  is  15  inches  thick  arid  overlain  by  2  inches  of  solid  coaL 
The  sample  from  the  Edgewater  mine  was  taken  by  Mr.  Buck  fnmi 
a  point  where  the  bed  from  top  to  bottom  measures:  Solid  coal  9 
inches,  laminated  coal  8  inches,  solid  coal  2  feet  6  inches.  J.  W.  Paul, 
mine  inspector  of  West  Virginia,  sampled  the  laminated  coal  in  the 
Lower  Elkhorn  bed  at  Solomon  Layne's,  on  right  fork  of  Peters 
Creek,  a  few  miles  north  of  the  field  here  described.  The  laminated 
coal  is  7  inches  thick  and  is  overlain  by  17  inches  of  solid  coal.  These 
4  analyses  of  the  laminated,  ranging  from  16.25  per  cent  to  26.56 
per  cent,  give  an  average  of  21.50  per  cent  ash.  Two  samples  of  the 
Lower  Elkhorn  taken  by  the  writer,  from  which  the  laminated  was 
excluded,  give  an  average  of  3.08  per  cent  ash  for  the  solid  coal. 
Considering  the  j)roportion  of  laminated  to  solid  coal,  the  average 
amount  of  ash  in  the  whole  bed  is  on  this  basis  about  10  per  cent. 
An  average  of  14  analyses  l)y  A.  S.  McCreiith  and  II.  J.  Williams 
of  the  I^wer  Elkhorn  coal  on  Marrowbone  Creek,  including  the 
whole  bed,  gives  8.15  j)er  cent  ash.  The  maximum  and  minimum 
amounts  of  ash  in  these  14  samples  are  18.48  and  1.98  per  cent. 

'J'he  fact  that  the  laminated  is  overlain  in  many  places  by  undis- 
turbed solid  coal  shows  that  the  ash  can  not  be  due  to  a  mixture  of 
shale  or  day  pull(Ml  down  from  the  roof  during  the  movement  which 
produced  the  lamination.  The  lamination  seems  to  have  developed  in 
a  portion  of  the  bed  which  was  originally  high  in  ash,  and  the  combi- 
nation of  the  coal  and  its  impurity  is  such  that  washing  would 
probably  not  greatly  reduce  the  amount  of  ash. 

On  Marrowbone  Creek  the  laminated  bench  forms  so  large  a  por- 
tion of  the  bed  that,  as  long  as  it  has  to  be  thrown  out,  the  Lower 
Elkliorn  is  not  attractive  for  mining.  Between  Kussell  and  I^evisa 
forks  the  usual  15  inches  of  laminated  coal  is  present  in  the  top  of 
the  bed,  but  the  whole  thickness  is  so  much  greater  that  the  loss  o{ 
tlie  laminated  is  much  less  imj)ortant. 

The  laminated  is  not  a  shipping  coal,  because  it  breaks  dowrv  \o 
slack,  but  probably  could  be  used  successfully  at  the  mines  for  "E^x^^- 
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ducer  gas,  either  for  heating  or  for  power.     Low-grade  coals,  high  in 
volatile  matter,  can  be  used  economically  in  producer-gas  plants. 

In  an  opening  at  Bud  Cassell's,  farther  up  Cassell  Fork,  the  lower 
bench  is  normal  (60),  but  the  laminated  coal  has  increased  in  thick- 
ness to  19  inches.  At  Flemon  Childers's,  in  a  bank  where  coal  has 
been  taken  for  two  or  three  years,  the  block  coal  is  3  feet  1  inch,  and 
the  top  bench,  bony  and  laminated,  only  8  inches.  Still  farther  up 
the  fork,  where  the  coal  approaches  water  level,  the  (59)  block  coal 
is  2  feet  7  inches  and  the  laminated  1  foot  10  inches. 

In  the  Edgewater  mine,  at  the  head  of  Marrowbone  Creek,  the 
Liower  Elkhom  maintains  a  fairly  constant  thickness.  Sections  were 
measured  at  the  mouth  (65),  230  feet  in  (65  a),  and  at  the  face  of  the 
main  entry  370  feet  from  the  crop  (65  b).  These  show  a  lower  bench 
of  2  feet  6  inches  to  2  feet  11  inches,  and  an  upper  bench  from  15  to 
20  inches  thick.  In  one  section  (65  c)  9  inches  of  solid  coal  overlies 
an  equal  thickness  of  laminated. 

Upper  Elkhom  coal. — ^The  first  opening  on  the  upper  Elkhorn 
coal' above  the  mouth  of  the  creek  is  that  at  the  Marrowbone  mine 
near  the  mouth  of  Rockhouse  Creek.  The  Marrowbone  Coal  and 
Coke  Compay  has  done  development  work  on  both  of  the  Elkhorn 
beds,  one  mine  being  directly  above  the  other  and  both  served  by  the 
same  incline.  On  the  upper  coal  an  entry  (44),  driven  125  feet  S.  30° 
E.,  shows  a  section  of  the  bed  which  is  different  from  any  other  found 
in  the  vicinity.  At  the  mouth  of  the  entry  it  is  3  feet  10  inches 
thick,  but  includes  a  17-inch  clay  parting,  the  bottom  of  which  is  9 
inches  above  the  §oor.  According  to  R.  C.  Peacock,  manager  of  the 
mine,  this  clay,  which  contains  small  streaks  of  coal,  is  12  inches 
thick  at  the  face  of  the  drift  and  is  two-third^  coal. 

When  this  creek  was  visited  in  September,  1906,  a  drift  on  the 
Upper  Elkhom  coal  had  l^een  driven  70  feet  northwest  at  the  Henry 
Clay  mine  and  showed  a  bed  4  feet  5  inches  thick  (50).  At  Cynthia 
Gibson's,  on  Lick  Branch  of  Sycamore,  a  70-foot  drift  shows  this 
coal  5  feet  thick  (53),  and  on  Henry  Bowen's  land,  at  the  head  of 
Sycamore  (54),  the  bed  is  3  feet  6  inches  thick. 

The  first  exposure  up  Cassell  Fork  is  at  the  Greenough  mine, 
where  there  is  a  bed  of  solid  coal  (64)  nearly  4  feet  thick.  A  sample 
of  the  whole  bed  at  this  mine  was  taken  by  the  writer  and  the  result- 
ing analysis  will  be  found  on  page  72. 

At  the  Pike  mine,  a  mile  up  the  fork  (62)  the  bed  is  less  than  3 

feet  thick  and  the  upper  5  inches  is  bony  or  mashed.     Farther  up 

Cassell  Fork  there  are  several  prospects  exposing  the  Upper  Elkhorn. 

Among  these  are  a  pit  on  Flemon  Childers's  land  (58)  and  a  trench  on 

the  Musgrave  place  which  show  the  bed  from  3  feet  3  inches  to  3  feet 

9  inches  thick,  the  upper  8  inches  being  bony  or  laminated. 
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At  the  Edgewater  mine,  on  the  head  of  Marrowbone  Creek,  the 
TTpper  Elkliorn  coal  is  nearly  4  feet  thick.  The  main  entry  shows  3 
feet  8  inches  of  solid  cojil  at  the  mouth  and  2  feet  lOJ  inches  at  the 
face  (()<)),  the  rest  being  bony  or  laminated. 

An  average  of  9  sections  measured  on  this  creek  gives  a  fraction 
over  3  feet  for  the  thickness  of  the  solid  or  marketable  coal. 
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FIdtiroods  <(}(il.--X\\  ai)proxiinali()ii  of  the  area  uiulerhiin  by  t* 
Fhit woods  coal  is  .'^howii  on  the  accompanying  map  (PI.  I).  T^ 
straiigrapliic  jxjsition  is  .^OO  to  550  feet  al)ove  the  Upper  Elkhoi'^ 
Tt  lias  hccn  prospected  hut  little.  A  nieasiirenient  of  the  bed  vV'J" 
made  at  the  head  of  Cassell  Fork  in  a  trench  cut  for  the  Big  Saiut 
Company  and  the  total  thickness  (55)  found  to  he  18  feet  9  inch*^ 
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;  the  upper  6^  feet  is  workable  coal,  and  a  sample  was  taken 
Jysis.  The  lower  12  feet  of  the  bed  is  too  much  broken  up  by 
irtings  to  be  of  value.  Two  other  openings  in  this  some 
(56,  57),  according  to  measurements  by  E.  V.  d'Invilliers, 
1  feet  2  inches  and  16  feet  7  inches,  respectively,  but  much  of 
is  worthless. 
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Fig.  12. — Flatwoods  coal  sections. 
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he  Flatwoods  table-land  500  feet  above  this  coal  another  bed 
rted  **  to  have  been  opened  at  the  head  of  the  right  fork  of 
)re  Fork  of  Elkhorn  Creek.  It  was  not  seen  by  the  writer, 
s  reported  to  be  4  feet  thick  with  only  one  thin  shale  parting. 


POND    AND    JESSE    CREEKS. 


^ffic  section, — The  geologic  section  in  these  creeks  begins  about 
b  below  the  Auxier  coal  and  extends  a  short  distance  above  the 
Elkhom  coal.     The  ridge  between  the  two  creeks  is  too  low  to 

lall,  A.  R.,  The  coals  of  Big  Sandy  Valley :  Kentucky  Geol.  Survey,  Bull.  No.  4, 
116. 


62  COAL  RESOURCES  OF  THE  RUSSELL  FORK  BASIN. 

catch  the  Upper  Elkhom,  but  it  is  present  around  the  head  of  Pond 
Creek. 

Small  coals. — So  far  as  learned  the  Auxier  was  not  open  at  any 
place  on  Pond  or  Jesse  creeks  and  no  information  could  be  obtained 
as  to  its  thickness.    A  coal  occurring  at  a  higher  horizon  was  seen 
in  the  bank  of  Pond  Creek  above  an  old  mill,  which  is  just  below 
Camp  Branch,  at  a  point  about  200  feet  higher  than  Russell  Fork. 
This  is  near  the  horizon  of  the  Millard  and  is  a  3-foot  bed  (71),  with 
clay  partings.    Eighteen  inches  of  solid  coal  was  seen  at  the  bottom, 
resting  on  sandstone.     Between  Camp  Branch  and  Laurel  Branch, 
opposite  Sanford  M oore^s  house,  a  facing  shows  two  6-inch  bands  of 
coal,  separated  by  17  inches  of  shale.    There  may  be  other  small, 
worthless  beds  in  the  section  exposed  along  this  creek,  but  their  pres- 
ence was  not  discovered. 

Lower  Elkhom  coal, — This  coal  was  opened  by  Sanford  Moore  on 
the  left  of  Pond  Creek  just  below  the  mouth  of  Laurel  Branch  in 
April,  1906.     It  is  marked  by  a  chute,  which  brings  the  coal  down  to 
a  bin  at  creek  level.     The  bank  furnishes  fuel  for  the  dinky  locomo- 
tive of  the  Clinch  Valley  Lumber  Company,  which  is  operating  oa 
this  creek.     Normal  conditions  for  this  region  are  found  here,  the 
bed  having  a  total  thickness  of  4  feet  4  inches  (70),  the  upper  1^ 
inches  being  laminated.     Shale  forms  the  roof.    An  analysis  of   ^ 
sample  from  the  bed  at  this  point,  including  both  laminated  and  soli^^ 
coal,  is  given  on  page  72. 

William  Kamey  rc])orts  that  the  coal  was  once  opened  in  the  hea^  -* 
of  the  hollow  back  of  his  house,  and  showed  a  4- foot  4-inch  bed,  witH  ^ 
2  inches  of  slate  between  the  solid  coal  and  the  laminated.  Mn^ 
Raniey  lives  at  the  mouth  of  the  branch  on  the  right,  just  above  Laurel 
Fork.  In  a  hollow  on  the  ri<rht,  one-half  mile  above  Ramev's,  a  bant  J 
has  been  driven  about  80  feet  X.  75°  P^.,  and  coal  is  brought  out  'vi0-  '- 
a  small  tram  car  to  a  chute  for  loading  on  wagons.  The  westwarc^ 
dip  of  the  rocks  makes  the  draina^re  good.  The  section  here  is  th^-^ 
same  as  at  Moorc's,  3  feet  of  solid  coal  with  a  16-inch  bench  of  lam-^ 
inated  on  top. 

An  entry  on  the  right  branch  of  Laurel  Fork  has  been  driven  35-  * 
feet  in  a  southwest  direction,  according  to  Sanford  Moore,  but  th»^ 
water  flows  in  and  the  ])it  is  now  full.     The  bed  is  reported  to  l)e  ^^ 
feet  5  inches  thick,  with  12  inches  of  laminated  separated  from  th»-^ 
solid  coal  bv  soft  ''  mother  coal.'' 

Back  of  Grant  Hawkins's  house  at  the  forks  at  the  head  of  Pon(5^ 
Creek  a  drift  75  feet  long  has  been  run  into  the  hill  S.  25°  E.  on  ^ 
dip  of  X.  55°  W.     The  bed  is  4  feet  thick  (OO),  the  lower  bench  hav  ^ 
ing  one  or  two  one-fourth  inch  partings  that  are  not  persistent.    A^ 
John  Hawkins's  farther  up  the  creek,  a  70-foot  drift  on  the  samebe(^ 
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(68)  shows  the  laminated  coal  1  inch  thicker  and  the  solid  2  inches 
thinner  than  at  Grant  Hawkins's.  The  floor  in  both  places  is  shale, 
but  at  the  first-mentioned  locality  only  2  inches  of  shale  lie  between 
the  coal  and  sandstone  roof. 

The  Lower  Elkhom  coal  has  been  prospected  by  N.  A.  Ramey  at 
the  left  head  of  Camp  Branch  of  Pond  Creek.  His  pit  shows  (72) 
a  shale  roof,  a  bed  almost  the  duplicate  of  Hawkins's,  and  a  blue-clay 
floor. 

In  Jesse  Creek  the  Lower  Elkhorn  has  been  opened  at  the  head  of 
a  hollow  off  the  left  branch.  The  entry  which  lias  been  driven  60 
feet  shows  3  feet  of  shale  between  the  coal  and  overlying  sandstone, 
and  a  bed  at  least  3  feet  8  inches  thick,  the  upper  14  inches  of  which 
is  laminated  coal.  The  bottom  was  not  seen.  Frank  Owens,  who 
lives  at  the  head  of  this  creek,  reports  an  opening  on  the  right  side 
of  the  right  fork,  that  was  driven  west  75  feet  on  a  coal  bed  dipping 
in  the  same  direction.  The  roof  is  weak  shale,  and  the  bed  5  feet 
thick,  the  upper  half  of  it  being  worthless.  Coal  opened  back  of 
Owens's  house,  about  250  feet  below  the  Lower  Elkhorn.  is  said  to  be 
2  feet  thick. 

Upper  Elkhorn  codL — A  bloom  of  the  Upper  Elkhorn  coal  was 
seen  at  the  head  of  Pond  Creek,  above  John  Hawkins's  bank  (68). 
The  coal  is  reported  to  be  4  feet  thick,  the  lower  part  peacock  coal 
and  the  upper  a  good  blacksmith  coal.  About  100  feet  higher  in  the 
hill  a  hole  shows  another  bed  42  inches  thick,  with  a  sandstone  roof 
and  5  inches  of  clay  1  inch  from  the  top.  Grant  Hawkins  is  author- 
ity for  the  statement  that  there  is  a  1-foot  coal  20  feet  above  this 
and  a  3-foot  coal  still  higher.  These  were  found  in  plowing  and  are 
not  now  exposed.  Sanford  Moore  reports  a  bed  of  solid  coal  5  feet 
2  inches  thick  at  the  head  of  Laurel  Fork,  340  feet  above  the  Lower 
Elkhorn  and  too  high  to  be  the  Upper  Elkhorn.  An  entry  was 
driven  in  on  it  4  feet  up  the  rise,  when  digging  stopped.  The  pit  has 
caved  so  that  the  report  could  not  be  verified. 

LITTLE    CREEK    AND    MCX>RES    BKANGII. 

Geologic  section. — A  section  measured  in  the  river  bluff  between 
these  two  branches  and  giving  the  sequence  of  the  rocks  from  the 
railroad  to  the  top  of  the  intermediate  ridge  will  be  found  on  PI. 
Ill  (sec.  10).  Unfortunately  none  of  the  coals  above  the  Elswick 
w^ere  seen  in  climbing  the  hill,  and  the  positions  indicated  in  the  sec- 
tion are  only  suggestions  of  their  probable  location. 

Elswick  coal. — This  coal  rises  above  the  river  at  the  mouth  of  Lit- 
tle Creek  and  is  exposed  just  below  Moores  Branch  in  the  rock  cut 
along  the  railroad  a  few  feet  above  the  track.  The  cut  shows  a  shale 
roof,  3  feet  to  3  feet  4  inches  of  coal  (75),  and  a  sandy  shale  floor  2 
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fwt  thick  resting  on  a  massive  gray  micaceous  sandstone.  There 
is  a  small  pyrite  stringer  near  the  bottom  of  the  bed.  The  Elswick 
has  been  opened  on  Moores  Branch,  but  is  now  caved. 

.1  uxkr  coal. — On  Little  Creek,  on  the  north  hillside  back  of  C. 
C.  Maynor's  house,  there  is  a  30-foot  drift  running  noilhwest  down 
the  dip  of  the  Auxier  coal,  which  is  3  feet  8  inches  thick  and  has  two 
partings  near  the  bottom  (74).  A  prospect  on  the  point  between 
the  forks  of  the  creek,  at  an  elevation  of  946  feet,  is  caved,  so  that 
the  coal  can  not  be  seen.  Calvin  Ramey  has  an  opening  on  the 
Auxier  in  the  hollow  one-half  mile  below  Little  Creek.  It  is  150 
feet  above  the  railroad,  on  the  left  fork  of  the  hollow^  one-fourth 
mile  from  his  house  (73).  He  opened  it  in  the  winter  of  1905  and 
drifted  S.  70°  W.  a  few  feet,  then  turned  S.  20°  W.  At  the  time  it 
was  visited  only  2  feet  3  inches  of  coal  could  be  seen,  but  Mr.  Ramej 
reported  a  thin  parting  and  7  inches  of  coal  l^elow  the  floor  of  his 
bank.  This  was  confirmed  by  a  prospect  in  the  same  hollow,  a  few 
rods  away,  where  the  thickness  of  the  bed  is  3  feet  1  inch  with  a  2-indi 
parting  7  inches  from  the  floor. 

The  outcrop  of  the  Auxier  goes  below  water  level  about  three- 
quai-ters  of  a  mile  up  Moores  Branch.  It  has  been  prospected  in 
two  places  near  the  stream,  but  the  only  measurement  made  on  the 
branch  was  obtained  in  the  first  little  siig  on  the  left  200  yards  up- 
stream from  the  railroad  and  200  feet  above  the  branch.  This  is 
the  tliickest  section  of  tlie  Auxier  i^K^iin  in  tlie  field,  being  4  feet  6 
Indies  (TO)  with  a  2-incli  day  ])arting  near  the  bottom.  The  usual 
shale  roof  and  sandstone  Hoor  were  found  here. 

KLKIIOIIN    CKKKK. 

GeoJoglr  section. — A  section  (PL  III,  sec.  11)  measured  in  the  800- 
foot  bluff  o])])osite  Klkhorn  City  at  the  mouth  of  Elkhorn  Creek  indi- 
cates the  sequence  of  rocks  exposed  in  tliis  valley.  The  top  of  the 
Lee  conglomerate  is  a  few  feet  above  water  at  the  creek  mouth, 
and  the  Lowei*  Elkhorn  coal  is  near  tlie  to])  of  the  ridge.  A  hea\7 
sandstone  r>0()  feet  above  tlie  river  is  correlated  with  that  which 
makes  a  conspicuous  ledge  at  Ashcamp,  and  a  12-  to  15-inch  bed  of 
coal  found  near  the  mouth  of  Jackson  IWanch  is  thought  to  be  iiea.^ 
the  horizon  of  tin*  Millard  coal.  At  Joes  l^ranch  and  in  the  vicinil.^ 
of  Pound  (lap  the  T'pper  Kllvhorn  is  barely  100  feet  above  the  erects 

Klsir'u'k  codl. — The  east wa I'd   rise  of  the  rocks  puts  the  Elswic-^ 
coal  870  feet  above  tide  at  Elkhorn  City.     ()i)enings  near  the  niout 
of  Elkhorn  Creek  have  caved  in,  but  the  Elswick  coal  is  SiH*n  on  tli^ 
left  SO  feet  above  the  creek  at  the  ford  a  half  mile  from  Elkhor 
City.     The  old  coal  bank  is  full  of  water,  but  at  least  i2  feet  of  cej^ 
is  visible.     At  the  other  end  of  the  same  field,  opposite  the  mouth  o^" 
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Cane  Branch,  close  to  Alexander  Adkins's  house,  there  is  an  entry  20 
feet  deep.  It  has  a  sandstone  floor  and  a  good  shale  roof.  The  bed 
(77)  is  2  feet  9  inches  thick,  with  a  half-inch  band  of  sandstone 
L'lose  to  the  top.  On  the  right  side  of  the  creek  above  the  mouth  of 
Cane  Branch  a  bank  is  kept  open  to  supply  a  small  local  trade  and 
shows  2  feet  6  inches  of  coal.  Roof  and  floor  are  the  same  as  at 
A^dkins's,  and  the  dip  is  to  the  west.  This  dip  makes  drainage  on 
the  right  side  of  the  creek  difficult.  The  Elswick  coal  bed  goes 
below  creek  level  near  the  mouth  of  Pond  Branch  on  the  land  of 
.\lec  Roberts. 

Auxier  coal, — Although  the  outcrop  was  traced  up  the  west  side 
of  Elkhorn  Creek  for  more  than  2  miles,  no  measurements  were  ob- 
tained on  the  Auxier  bed.  In  the  blutf  opposite  the  store  at  Elkhorn 
City  coal  was  found  about  275  feet  above  the  lA»e  conglomerate,  or 
500  feet  above  the  river,  on  top  of  a  30-foot  massive  sandstone  and 
>verlain  by  shale.  This  seems  to  be  at  the  horizon  of  the  Auxier, 
Dut  the  section  is  so  different  from  any  seen  elsewhere  that  it  is  ques- 
ioned  and  was  not  considered  in  determining  the  average  thickness 
>f  the  Auxier  bed.  At  this  place  there  are  two  benches  of  coal,  the 
ipper  18  inches  and  the  lower  12  inches  thick,  separated  by  6  feet  of 
>hale.  The  Auxier  falls  below  the  creek  in  the  bend  below  the 
nouth  of  Kettlecamp  Branch. 

Lower  Elkhorn  coal, — Few  openings  have  been  made  on  the  I^)wer 
21khc»rn  coal  bed  on  the  lower  part  of  the  creek.  The  first  observed 
s  in  Jackson  Branch,  where  William  and  Caleb  Wood  have  a  pit  on 
he  left  of  the  stream  a  little  over  a  mile  above  the  mouth.  This  pit 
ihows  a  4-foot  2-inch  bed,  the  upper  15  inches  being  laminated.  In 
I  hollow  on  the  right,  one-half  mile  below  Wood's,  Pres.  Bartley 
)I^ened  the  same  bed  (78)  in  the  winter  of  1905,  (me-fourth  mile  up 
;he  hollow  and  325  feet  above  Jackson  Branch.  The  bed  has  the  same 
ihickness  as  at  Wood's,  but  only  2  feet  5  inches  of  it  is  solid  block 
5oal. 

On  Ashcamp  Branch,  back  of  G.  W.  Bartley's  store,  a  bank  opened 
on  the  Lower  Elkhorn  reveals  10  inches  of  solid  coal  underlain  by  9 
inches  of  laminated  coal  and  a  bottom  l)ench  at  least  2  feet  G  inches 
thick.     The  drift  is  driven  about  30  feet  S.  20°  E.  on  a  northward  dip. 

In  the  head  of  a  hollow  on  the  right  of  Sycamore  Creek  there  is  an 
>pening  in  which  30  inches  of  solid  coal  was  seen,  with  an  upper  bench 
^f  15  inches  laminated  and  5  inches  bony  coal.  The  bed  is  said  to  be 
*  feet  thick  in  the  face  of  the  drift,  which  is  42  feet  long.  On  the 
''"est  side  of  the  same  hollow  a  drift  was  once  driven  35  feet  on  the 
^^1  by  Joel  Ratliff,  who  says  he  found  8  feet  of  solid  coal  at  the  base 
^^d  nearly  10  feet  of  laminated  coal  above.  The  drift  caved,  burying 
^^^Is,  car,  etc.,  and  has  never  been  reopened. 
40858--BUU.  348—08 5 
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An  Oldening  on  Harry  Beiitley's  place,  below  the  mouth  of  Pigeon 
Branch,  shows  a  4-foot  bed,  only  the  upper  2  inches  being  lami- 
nated (80). 

On  the  right  side  of  Big  Branch  an  opening  on  A.  W.  Childers's 
property  shows  the  I^wer  Elkhorn,  which  is  there  (82)  composed  of 
30  inches  laminated  coal  and  only  13  inches  solid  coal.  This  is  hardly 
representative  of  the  bed,  however,  for  it  seems  to  be  close  to  a  local 
fault  which  may  have  affected  the  proportions  of  laminated  and 
block  coal.  On  Shop  Branch  a  pit  opened  by  Don  Ratliff  reveals 
this  l)ed  3  feet  G  inches  thick  with  1  foot  of  laminated  coal  (83)  in 
the  middle,  and  on  the  head  of  Shelby  Creek  at  Blackhead  Vanover's 
a  40-foot  drift  shows  10  inches  of  solid  coal  at  top  and  15  inches  at 
the  bottom,  but  with  20  inches  of  laminated  coal  in  the  midst  of  the 
bed.     This  coal  shows  a  bloom  in  the  road  just  below  Shelby  Gap. 

Along  the  road  one-fourth   mile   above  Shelby   Gap,  where  the 
creek  has  cut  a  rock  cliff,  therc  is  exposed  a  21-inch  bed  of  coal  and 
bone  which  can  be  traced  to  Marshall  Branch.     This  bed  lies  over  40 
feet  below  the  Ix)wer  Elkhorn  coal.     In  the  hollow  back  of  J.  D. 
Bentley's  house  the  Ix)wer  Elkhorn  has  been  developed  by  an  entry^ 
driven  N.  70°  E.  25  feet  under  a  sandstone  roof.     The  bed  is  3  fee** 
thick  and  has  a  1-inch  shale  band  between  the  solid  and  laminatecl— 
coal  (84).     At  P2sau  Moore's,  a  little  farther  up  the  creek,  the  smal  -J 
bed  mentioned  above  is  at  water  level  18  inches  tliick,  and  a  lo-incLK 
bed  is  about  20  feet  above  it.     In  the  hollow  oi)posite  Moore's  house?*^ 
50  feet  above  the  creek,  there  is  a  i)it  on  the  Lower  Elkhoni  wbicU^ - 
sliows  much  the  same  characters  (S5)   as  are  seen  at  Bentley's.    li^ 
the  bed  of  Marshall  Branch,  below  (he  forks,  at  William  Isom\s.  th^-^ 
Lower  Elkhorn  api)ears  again  with  the  same  sandstone  roof,  7  inclie:-^^ 
of  solid  coal  and  7  inches  of  laminated,  separated  from  the  18-incH - 
bh)ck  coal  by  2  inches  of  shale.     At  the  forks,  a  few  rods  farther  ii^  * 
the  brancli,  a  i)it  discloses  a  coal  bed  2  feet  8  inches  thick,  which  cai^  -^ 
be  but  little  above  the  Lower  Elkhorn. 

Just  above  water  level  in  the  bank  of  Elkhorn  Creek  at  Ale-^^ 
Isours.  below  Peaks  Branch,  an  o])ening  (m  the  Lower  Elkhorn  coa^^ 
shows  the  bed  to  l)e  nearly  3  feet  thick,  but  with  over  a  foot  of  lanw^-^ 
innted  jiiid  l^ony  coal  in  the  middle  (8t)). 

rpiH  r  tll'horji  codL — This  coal  is  so  high  in  the  hills  along  tli^ 
lower  part  of  the  creek  that  little  prospecting  has  been  done  on  fe^ 
below  Slielby  (ifap.     A  pit  at  Ashcamp  (rap,  1,577  feet  above  tid^^- 
reveals  a   2-foot    10-inch  bed    (07),  the  upper  0  inches  of  which  W^  ^ 
bonv.      On    the   lon^rest    fork    of   Pi<reon   Branch    a    100-foot  dri^^ 
uijiile  by  L.  »1.  Vanover  shows  4  inches  laminated  and  35  inches  s(>li<* 
coal  at  the  face  (81). 

On    .Marshall    Branch   the  I"])})er   Elkhorn   begins  to  assume  the 
proportions  that  have  become  famous  in  this  region.     At  the  head 
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lie  right  fork  William  Johnson  takes  coal  from  a  prospect  pit 
)  at  creek  level,  in  which  there  is  a  top  bench  of  coal  31  inches 
k  and  a  lower  one  at  least  20  inches  thick.  The  whole  bed  was 
exposed,  so  the  floor  could  not  be  seen,  but  the  roof  is  fossil- 
ous  shale.  At  the  head  of  the  left  fork  of  Marshall  Branch 
e  are  two  openings  in  which  the  bed  is  8  feet  thick.    At  Caleb 
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jrnes's  place  (87)  there  are  two  partings  from  4  to  8  inches  thick, 
le  at  Sam  Wright's,  where  a  trench  cut  in  the  hillside  (88)  shows 
id  8  feet  9  inches  thick,  only  9  inches  in  all  is  parting. 
>n  Peaks  Branch,  a  quarter  of  a  mile  from  the  mouth  and  in  the 
back  of  a  cabin,  there  is  a  pit  known  as  the  Sonny  Holbrook 
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oiwning,  which  shows  the  IxhI  at  least  10  feet  thick  (90)  with  only 
one  10-ineh  parting.  The  entire  l)ecl  was  not  measured  because  of 
water  in  the  pit.  On  the  right  fork  of  Peaks  Branch,  oppobite 
Ijcvi  Potter's  house,  a  trench  shows  the  bed  (91)  to  be  at  least  9 
feet  thick  and  the  bottom  was  not  seen.  Twenty  inches  of  shale 
in  two  partings  are  included. 

On  Bens  Branch  near  Ben  Potter's  house,  about  100  feet  above 
Elkhorn  Creek,  this  coal  is  finely  shown  in  a  drift  20  feet  long.  Tlie 
bed  is  8  feet  10  inches  thick  and  has  only  one  parting,  which  is  near 
the  middle  (02).  The  analysis  of  this  coal  from  the  writer's  sample 
given  on  i)age  72  shows  that  it  is  of  very  high  grade. 

The  IkhI  is  equally  good  on  Joes  Branch,  where  the  Elevens  open- 
ing, on  John  Venner's  land  (03),  shows  a  section  of  8  feet  8^  inches 
with  (mly  2i  inches  of  parting  instead  of  10. 

At  the  mouth  of  Little  Elkhorn,  less  than  40  feet  above  the  creek 
and  close  to  the  ford,  a  prosiwct  on  John  Wright's  land  shows  a  bed 
>vliich  was  not  recognized.  Whether  it  is  the  Upper  Elkhorn  or  not 
is  an  unsettled  question.  The  dips  in  the  vicinity  suggest  that  it  is 
a  lower  coal  than  the  one  seen  at  MuUins's  near  the  head  of  the  creek. 
Tliis  bed  at  Wright's  is  nearly  0  feet  thick,  but  it  carries  42  inches  of 
clay  (04)  in  the  middle. 

At  the  main  head  of  Elkhorn  Creek,  the  fork  flowing  from  the 
north  toward  Pound  (}ap,  there  is  an  opening  commonly  known  aji 
tlie  Mullins  bank  (Or»),  which  shows  the  Upper  Elkhorn  7  feet  7 
i!iche>;  thick  separated  near  the  middle  into  two  Ix^nches  by  3  inches 
of  clay.  The  lowest  bench  has  several  2-inch  bands  of  lusterle*= 
splint  coal.  An  analysis  of  a  single  chip  of  this  dull  coal  sliowed  ^ 
per  cent  asli.  A  sam[)le  of  the  splint  coal  in  the  lower  bench  of  the 
Up])er  Elkliorn  taken  by  J.  J.  Ilillsnian,  presumably  at  the  Miillins 
opening,  had,  according  to  J.  W.  Fox,  tlie  following  composition: 

Annlfff<i'<  of   I  innr  Hlkhorn  splint  coal, 

|()(t<.   Wutli.  niijilyst.l 

Per  cent. 

M«>isnin' _  --         _   0.1»J 

V(»|jitil»'  innttrr  .  __     _     34.ri»» 

rixiMl  earbnii  . .  _      ..    G2/Mt^ 

Asli __ _      UK) 

Sulphur  __  .  -  _.      ._    _   _   .510 

riiosphonis .mc 

This  is  surprisingly  low  in  ash.  for  tlie  si)lint  coals  in  the  southern 
j)art  of  West  ^'irginia  average*  between  :^>  and  4  i)er  cent  ash.  This 
sjunph*  r<'pres<'nts  14  inches  of  splint  coal  found  2'\  inches  alK)ve  the 
floor.  Thi'  entry  to  the  Mullins  bank  (PL  I.V.  .1)  has  been  driven 
about  50  feet  IS.  15°  E. 
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A.     MULLINS  OPENING  ON  UPPER  ELKHORN  COAL.  HEAD  OF  ELKHORN  CREEK. 


UPPER  ELKHORN  COAL  ON  WRIGHTS  FORK  OF  BOONE  FORK  OF  KENTUCKY  RIVER. 
JJ  from  photo  loaned  by  Jno.  C.  C.  Mayo. 
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Coal  was  taken  from  the  MiJlins  bank  for  testing  the  coking  quali- 
:ies  of  the  TTpper  Elkhorn  in  beehive  ovens  built  by  the  Northern 
3oal  and  Coke  Company  on  John  Wright's  farm.  The  character  of 
:he  coke  is  described  in  a  later  chapter.  An  analysis  of  the  coal  in 
:he  Mullins  bank,  given  repeatedly  in  the  reports  of  the  Kentucky 
Greological  Survey  and  of  the  inspector  of  mines,  will  be  found  on 
3age  73. 

Reports  by  A.  R.  Crandall,  of  the  Kentucky  Geological  Survey; 
S^eil  Robinson,  of  Charleston,  W.  Va.;  H.  Hardaway,  of  Georgel, 
V^a. ;  Arthur  M .  Miller,  of  I^exington,  Ky.,  and  others,  all  agree  that 
:he  Upper  Elkhom  maintains  the  same  thickness  and  characteristics 
IS  here  described  throughout  a  large  area  around  the  heads  of  Boone 
Fork  of  Kentucky  River  and  of  Shelby  Creek  (PI.  IV,  B).  This 
iverage  thickness  of  8  feet  is  not  confined  by  any  means  to  the  head  of 
Elkhorn  Creek.  The  thickness  of  the  bed,  its  extent,  and  its  steaming 
and  coking  qualities  all  point  to  the  conclusion  that 
it  is  the  best  mining  bed  in  the  field  here  discussed.  Blowin/Rock  Gap 
It  is  not  at  present  within  easy  reach  of  a  railroad. 
Mr.  Crandall  calls  this  the  Lower  rather  than  the 
Upper  Elkhom  coal. 

Coals  on  the  flank  of  Pine  Mountain. — Coal  has 
>een  found  in  several  places  on  the  flank  of  Pine 
•liountain,  east  of  Elkhorn  Creek,  but  because  of  the 
^^ep  dip  it  is  not  known  just  what  beds  are  ex- 
osed  here.    A  coal  reported  to  be  9  feet  6  inches 
^ick,    on    William    Potter's    land,    between    Joes  f-,o  i4.— c o  a  i  o  n 
x^anch  and  Pound  Gap,  has  a  section  similar  to      Blowing  Rock 
^«mt  of  the  Upper  Elkhorn  on  the  other  side  of  the 
^^^k.    Although  a  bed  over  8  feet  thick  was  seen,  the  bottom  of  the 
'^1  was  not  reached,  and  it  is  possible  that  the  reported  thickness  is 
x*rect.    The  bed  reported  by  the  Kentucky  Geological  Survey,  1  mile 
^    Pigeonroost  Creek,  at  water  level,  is  said  to  l>e  10  feet  of  clean, 
1  id  coal.    An  analysis  of  this  coal  given  in  the  table  (p.  73)  shows 
^.t  it  is  of  high  grade. 

Several  other  openings  were  reported  on  the  mountain  side,  but 
^ij'  are  caved  so  that  the  coal  can  not  be  measured.  A  coal  has  been 
V^nd  in  a  hollow  on  the  north  side  of  the  road  from  Ashcamp  to 
ciiwing  Rock  Gap  near  George  Hartley's  house.  An  opening  made 
'>^  years  ago  is  so  caved  now  that  only  a  portion  of  the  bed,  reported 
^^m  9  to  11  feet  thick,  is  visible.  The  writer  saw  under  a  massive 
^>dstone  40  inches  of  mashed  and  contorted  coal  which  rested  on  3 
■^t  of  solid  coal  (79).  It  was  evident  that  only  a  portion  of  the 
^^^ck  coal  was  exposed.  The  statement  of  the  neighbors  is  that  a  tall 
^un  could  stand  under  the  slaty  or  laminated  coal  and  not  rub  his 
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hat.  This  being  so,  the  bed  is  at  least  9  feet  thick  at  this  point 
it  is  possible  that  this  may  be  a  pocket,  and  that  any  coal  on 
mountain  side  close  to  the  fault  is  badly  crushed  and  possibly  br< 
by  small  faults.  An  analysis  of  this  coal  by  the  Kentucky  G«olo| 
Survey  is  given  on  page  73.  It  hardly  seems  possible  that  the  1 
nated  coal  or  the  whole  thickness  of  the  bed  was  included  in  the 
pie  from  which  this  analysis  was  made,  for  it  shows  only  2.16 
cent  ash. 

SUMMARY. 

It  will  be  seen  from  the  foregoing  description  of  the  field  th 
contains  six  coals  of  workable  thickness.     Two  or  three  other 
have  a  problematic  value.     The  following  table  shows  the  rang 
thickness  of  the  workable  beds: 


fiummary  of  coal  beds. 


Name  of  coal  bed. 


Elswlck 

AuxIer-__ 

Mfllard 

Bingham 

Lower  Elkhoru.. 
Upi>er  Elkhorn.. 


Maximum.  Minimum.     Avenge 


Ft.  in.  I 

5  10 
4  11  I 
4  4 

4  r>  ! 

6  11 

9      4  I 


Ft.  in, 
2     6 


2    10 


Ft,  in, 

3  1 
S  1 
2  5 
8  1 

4  3 

5  8 


Nunn 
sec 


It  should  be  borne  in  mind  that  this  table  is  based  on  total  tl 
ness  of  bed,  and  does  not  represent  the  amount  of  marketable 
contained  in  each  bed,  nor  indicate  which  are  and  which  are  not 
ininin<r  beds.  For  instance,  although  5  sections  of  the  Elswick 
give  an  average  of  3  feet  1  inch  for  the  whole,  the  average  am 
of  woi'kable  coal  in  the  sections  is  only  2  feet  7  inches. 

The  Auxier  coal  is  shown  to  be  about  3  feet  thick,  and  as  it  usi 
has  but  one  parting  it  can  be  counted  on  to  yield  at  least  2^  fe 
coal  in  part  of  the  field.  Present  conditions  do  not  as  yet  den 
the  development  of  beds  of  this  size,  but  they  constitute  a  iv.*- 
which  may  at  some  future  day,  when  the  thicker  beds  have  beei 
hausted,  yield  a  large  tonnage  of  good  bituminous  coal. 

It  appears  from  the  above  table  that  the  Millard  coal  bed  ra 
from  1  foot  ()  inches  to  4  feet  4  inches  thick,  averaging  2  feet  5  in 
Lest  this  be  misleading,  it  should  be  stated  that  the  thickest  kr 
occurrence  of  the  bed  is  on  Jimmie  Creek  (17),  where  it  is  un'w 
able  because  it  contains  too  nuu'li  shale  and  i)yrite.  There  is  on) 
inches  of  solid  coal  in  the  thinnest  section,  and  this  is  too  litt 
mine.  The  Millai'd  is  a  mining  bed,  therefore,  in  only  a  portio 
its  extent,  and  sevei'al  decades  will  pass  l)efore  it  becomes  nece* 
to  touch  a  bed  of  this  character  in  the  great  coal  field  of  ea: 
Kentucky. 
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The  Bingham  coal  was  seen  at  so  few  points  that  little  is  known  of 
its  extent  or  character. 

Of  the  Lower  Elkhom  coal  it  should  be  noted  that  the  average 
thickness  of  the  bed  as  given  in  the  above  table  is  too  great  for  the 
entire  field  included  in  the  accompanying  map.  On  Beaver  and  Fer- 
rell  creeks  the  amount  of  coal  that  could  be  mined  is  over  5  feet, 
while  on  Marrowbone  Creek  it  is  not  over  4  feet,  and  nearly  one- 
third  of  this  is  not  marketable.  Elsewhere  in  the  field  the  bed  is 
even  thinner. 

The  thickness  of  over  5  feet  as  given  for  the  Upper  Elkhorn  bed 
is  due  to  a  number  of  sections  of  great  thickness  from  a  small  portion 
of  the  field.  At  the  head  of  Elkhom  Creek  the  amount  of  market- 
able coal  in  this- bed  is  close  to  8  feet,  while  on  Marrowbone  Creek  it  is 
little  over  3  feet.  A  closer  approximation  of  the  thickness  of  the  bed 
<hroughtout  the  field  would  be  about  5  feet. 

ANALYSES  OF  COAL. 

All  of  the  coals  in  this  part  of  the  great  Appalachian  coal  field  are 
bituminous,  but  few  are  of  higher  grade  than  those  found  in  the  Elk- 
horn  field  of  eastern  Kentucky.  They  will  probably  rank  among  the 
l>est  steam  generators,  and  their  coking  qualities  are  practically  as- 
.sured.  Chemical  analysis  shows  that  the  sulphur  content  is  uni- 
formly low  and  that  the  amount  of  ash  is  moderate. 

The  following  table  shows  the  results  of  analyses  made  of  some  of 
these  coals  by  F.  M.  Stanton  at  the  United  States  Geological  Survey 
fuel-testing  plant  at  St.  Louis.  The  samples  analyzed  were  collected 
by  the  writer  according  to  Survey  regulations,  which  require  that 
mine  samples  be  taken  by  cutting  a  channel  across  a  clean  face  of  the 
coal  bed,  including  everything  except  partings  and  binders  over  one- 
fourth  inch  in  thickness.  Channels  are  of  such  size  as  to  furnish 
about  5  pounds  of  coal  per  foot  of  bed,  and  the  material  is  caught  on 
oilcloth  to  keep  out  dirt  and  excess  moisture.  The  gross  sample  is 
pulverized  and  quartered  in  the  mine  until  reduced  to  about  one 
quart,  which  is  sealed  in  an  air-tight  galvanized-iron  can.  The 
original  moisture  content  of  the  coal  is  thus  preserved  until  the 
.sample  is  opened  for  analysis. 
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Laboratory  analysctt  of  coal  samples  from  Elkhom  field,  Kentucky. 
[F.  M.  Stanton,  analj-st ;  sampled  b}'  R.  W.  Stone.] 
Name  and  location  of  coal. 


\ 


Mil- 
laM. 


H.  E. 
Cole- 
man, 
Regina. 


Lower  Elkhom. 
]*ike  mine. 


Upper  Klkbom. 


Whole 

iHHl. 


Ex- 
eluding 
lami- 
nated 
coal. 


Lami- 
nated 
coal 
only. 


I 


laboratory  numl>er 3G<»2  .      3705        3706 


Sample  an  received: 

MoiKtureu 3.00 

Volatile  mattera 32. 22 

FixedcarlMHi'i fi6.ft9 

Ash 8.19 

Sulphur 1.06 


I><)8H  of  mointun;  on 

airdryiiij: 1.40 

Air-dried  sample: 

MoiMtureu ;  1.02 

Volatile  matter" '  32.68 

Fixed  e« rbon  « W.  39 

Ash...  '  8.31 

Sulphur j  1.07 


2.90 

3.35 

28.69 

31.76 

63.70 

60.  SI 

14.81 

4.08 

.49 

.51 

3702 


3.19 
25.83 
4S.61 
22.37 
.40 


!.:«)  '      1.70 


1.80 


Robert 
MarUn. 
Road 
Creek, 
exclud- 
ing 
lami- 
nate<l 
coal. 


4.73 
31.62 
61.57 


Sanfoid 
Moore, 
Pond 
Creek. 


Green- 
ough 
mine, 
whole 
bed. 


.71 


3.20 


Fuel  ratio  . 


1.02  I 
2H.97 
64.41 
15.00 

^•iO| 

1.8K 


1.08 
32.31 
61.86 

4.15 
.55 


1.92 


I 


1.42 

26.30 

49.50 

22.78 

.41 

1.88 ; 


1.68 
32.66 
63.61 

2.16 
.73 

1.95 


8661        37W 


5.27 
27.74 
59.75 

7.24  ■ 
.60 


4.08 
82.46 
68.78 

4.78 
.74 


3.40  ,      2.80 


Ben 
Potter, 
Elk- 
bom 
Creek. 


8828 


3.96 
82.87 
61.10 

2.67 
.66 


1.90 


Pork.  ^: 
i-foot  ^' 
top. 


3.4^ 

54.  ca 
8.aa 


45 

a 

25 
82 


l.W 

1.26 

1 
2.10 

28.72 

88.40 

88.00 

61.85 

60.42 

62,28 

7.60 

4.92 

2.62 

.62 

.76 

.67 

2.15 

1.81 

1.89 

"  rroxlnint"'. 

The  analyses  in  llu*  |)i(HHHlin<r  table  iiulicalo  a  <ro<xl  pri'ado  of  coal  J  -^^ 
in  each  of  tlie  beds  from  whi<*h  sain])les  were  taken.     Thev  show  that  ^  ^\ 
the  Milhinl  and  Flalwoods  coals  have  the  hi<j:hest  ])ercentaore  of  ash  X^*^ 
and  lowest   fuel  ratios,  and  that  the  Lower  Elkhom  eoal  on  Pond  X^  * 
('icH»k  has  u  hiorh(»r  fiud  ratio  than  any  other  coal  from  the  localities  s^*^^ 
represent^Ml   hy   the  analyses.     The  hi^h   percentage  of  ash   in  the  ^^^ 
sain|)les  of  Lower  Klkhorn  coal  from  the  Pike  mine  has  been  dis-     — -^^^ 
cussed  on  ])a<i:<'  '"^T.    Moisture  and  sulphur  are  low  in  each  of  these.  _^ 

Analyses  made  hy  A.  S.  ^McCreath  of  samples  taken  by  Y^.  V.  -  '^ 
(rinvilliers,  Joseph  Sillyman,  and  others  are  ^iven  in  the  following  IS-^^ 
table.  They  have  been  assembled  from  n^ports  of  the  Kentucky  "^^-^ 
(leolo^rical  Survey,  reports  of  the  Kentucky  Inspector  of  Mines,  and  X^ -^^ 
j)rivate  reports.  The  writer  does  not  know  what  method  of  sampling  "I?^  ^^ 
was  used  or  what  care  was  taken  of  the  samples,  but  from  the  resultss=^  ^* 
obtained  it  is  susi)ecte(l  that  they  dried  before  l>ein^  analyzed  and  M'-^^ 
that  in  some  sami)les  the  whole  of  the  ])ed  was  not  represented.    Il^  — ^ 

makes  a  ditference  with  the  I^)wer  Klkhorn  coal  whether  the  lam-- 

inated  coal  is  incbuh'd  or  not,  as  shown  in  the  preceding  table. 
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Analyses  of  miscellaneous  coal  samples  from  Elkhom  fields  Kentucky, 


Z>>n8tituent.«. 


Lfltare 

stile  matter . 
«fd  carbon  . . . 


F>hur 

MBphorus. 


Fuel  ratio. 


Name  and  location  of  coal. 


Els- 
wick. 


Mouth 

of 
Bfoores 
Branch 


(«) 

0.65 

30.55 

59.239 

8.180 

1.381 


Auxier. 


Mouth 
of  Elk- 
hom 
Creek. 


0.65 
29.96 
58.98 

9.72 


Lower  Elkhom. 


Aver- 
age of 
22  sam- 
ples. 


1.425 
32.105 
58.435 

7.459 
.574 


1.82  1.86 


Ferrell 
Creek. 


(«) 

2.89 

32.21 

59.90 

4.33 

.67 

.003 


Ferrell 
Creek. 


Head 
of  Mar- 
row- 
bone 
Creek. 


(«) 

7.70 

23.80 

61.46 

7.48 

.567 


(«) 

0.92 

36.78 

58.08 

4.22 

.47 

.006 


Aver- 
age of 
9  sam- 
ples. 


31.804 

56.837 

9.538 

.558 

.0028 


2.64    ;    1.58    I  1.79         1.67 


Upper  Elkhom. 


Aver-  Abners 

age  of  i  Fork, 

19  sam-  Ferrell 

pies.     Creek. 


1.538 
34.985 
58.367 

4.499 

.587 
.0022 


:  («) 
I  7.54 
!  25.14 
j  60.60 
I  6.72 
.428 


Pigeon 
Branch 
Elk- 
hom 
Creek. 


(0 

1.420 

32.960 

59. 317 

5.620 

.683 

.001 


2.41 


Name  and  location  of  coal. 

Upper  Elkhom. 

Flat- 
woods. 

(?) 

^^oMtitnentM. 

Marrowbone 
Creek. 

Marshall 
Branch. 

Mullins  bank, 
Elkhorn  Creek. 

Bens 
Branch 
Elk- 
hom 
Creek. 

Caasell 
Fork. 

Pigeon- 
roost 
Creek. 

Blow- 
ing 

Rock 
Gap 

road. 

^ttue  

(0 

1.97 

33.41 

56.54 

7.67 

.51 

.006 

1.114 

34.916 

57.068 

6.280 

.642 

.OM 

1.242 

35.698 

60.014 

2.610 

.536 

.002 

1.24 

38.84 

58.65 

1.26 

.64 

.004 

34.20 

60.80 

2.40 

.412 

1.930 
36.960 
58.247 

2.380 
.593 

1.930 
36.170 
57.423 

3.880 
.697 

35.156 

52.792 

7.750 

.708 

(d) 
1.06 
37.91 
58.79 
2.23 
.76 
.004 

(d) 
0.60 

^tile  matter . . . 
^d  carbon 

^inir!!!!!!.*!.!! 

39.22 

58.00 

2.16 

.90 

^>horu8 

.005 

1 

Fuel  ratio... 

1.69 

1.63 

1.69 

1.51 

1.78 

1.58    i     1.59    1     1.50 

1.56    1      1.48 

Crandall,  A.  R.,  The  coals  of  HIr  Sandy  Valley  :  Kentucky  Geol.  Survey,  Bull.  No.  4, 
^,  pp.   loa-113. 
Ulannfacturcrs'  Record,  vol.  45,  No.  2;{,  supplement.     1904. 
Private  reports. 
-Annual  reports  of  inspector  of  mines,  Kentucky,  1901-1902,  pp.  417-421. 

Crandall  explains  that  the  high  percentage  of  moisture  and  ash  in 
^  analyses  of  samples  from  P^'errell  Creek  is  due  to  their  being  taken 
>m  weathered  surfaces  and  possibly  containing  infiltered  dirt.  It 
;|)ossible  that  the  same  explanation  may  apply  to  others  of  these 
^lyses,  for  it  is  noticeable  that  the  sample  of  coal  from  Bens  Branch 
lElkhorn  Creek,  which  was  probably  taken  from  Ben  Potter's  open- 
s' at  the  outcrop,  is  of  lower  grade  than  that  from  Ben  Potter's, 
^ich  is  shown  in  the  first  table,  and  which  the  w^riter  cut  from  the 
^ding,  20  feet  from  the  outcrop,  where  the  coal  is  unweathered. 
iTiese  miscellaneous  analyses  show  that  the  fuel  ratio  of  the  Upper 
Iriiorn  coal  is  generally  lower  than  that  of  the  Lower  Elkhom,  but, 
the  other  hand,  the  average  percentage  of  ash  in  the  Lower  Elk- 
»:*n  coal  is  nearly  double  that  in  the  higher  bed.  The  sulphur  and 
^osphorus  content  is  uniformly  low  in  all  these  analyses. 
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The  following  table  is  given  for  the  purpose  of  comparing  the  Elk- 
horn  coals  with  well-known  eastern  bituminous  coals: 

Average  analyses  of  eastern  hituminous  coals. 


Pocahontas,  Hemibltumlaous  (aver- 
age of  38)« 

New  River  (Quinnlmont),  aamfblta- 
mfnoiiH  (average  ol  17)* 

Pittoburg  ("oklDg  (average  of  20) <' 

Lowdr  Elkhorn  (average  of  22)* 

Ui»|>er  Elkhorn  (average  of  19)' 

Ollneh  Valley  gas  coal* 

Westmoreland  gas  coal* 

Pennsylvania  gas  coal'' 


Moisture. 

Volatile 
matter. 

Fixed 
carbon. 

Aah. 

Sulphur. 

0.78 

17.43 

77.71 

4.68 

o.« 

.eo 

19.98 

75.20 

4.27 

.67 

1.130 

29.812 

00.420 

7.949 

.689 

1.425 

82.105 

58.485 

7.459 

.574 

1.588 

34.965 

58.867 

4.499 

.587- 

1.180 

37.898 

56.782 

5.602 

.619 

1.427 

37.521 

54.921 

5.418 

.718 

1.280 

38.105 

64.888 

5.440 

.792 

Fud 
ratio. 


4.4SB 

z.m 
i,vr, 
i.m 

1.60 

i.£i; 

l.«7 


«  Whito,  I,  C.  Gool.  Survey  W«'8t  Virginia,  vol.  2,  pp.  605,  696,  700. 

*  Ibid.  p.  «70. 

'11.  i\   Frick  Coke  Company. 

*  Manufactun»r8'  Record,  vol.  4ri,  No.  23,  supplement.     1904. 

*  McCreath  and  d'lnvllliers.  Mineral  UeKourceH  of  Upper  Cumberland  Valley,  p.  145, 1888. 

COKE. 

IIow  many  of  the  coals  in  this  region  are  good  coking  coals  Las 
not  been  deterniined,  but  it  has  been  shown  by  tests  that  the  Upper 
Elkhorn  bed  at  the  head  of  Elkhorn  Creek,  where  it  has  a  thickness 
of  over  8  feet,  makes  a  high  grade  of  coke.  The  Northern  Coal  and 
Coke  Company  built  l)eehive  ovens  near  the  head  of  Elkhorn  Creek, 
coked  coal  taken  from  banks  ojiened  on  the  Upper  Elkhorn  bed  in 
the  neighborhood,  and  exhibite<l  the  product  at  the  Ixmisiana  Pur- 
chaser Exposition.  The  following  information  on  this  subject  is  from 
the  article  cited  above  in  a  supplement  of  Manufacturers  lleconl: 

Kepresontative  .s'lmples  of  c(>ke  mnde  from  coal  from  the  Elkhorn  senuis  slmw 
the  following  (•oniiH)sitlon,  with  which  are  given,  for  purixisos  of  ctnuiMirlwii, 
the  conipositioiis  of  (•(►kes  from  otlier  well-known  regions: 

Ana1ifsri<  o/  rttkes  fnnii  Elkhorn  and  nthrr  well-known  coals. 


nistrlct. 


Wat.T. 


Unr»«r  Elkliorn,  Ky ().:*() 

I)i> I  .8t'A) 

I>o.._ H2 

Lower  Klktiorn,  Ky ."210 

PofnhontRS,  W.  Vu .J  .«;'«0 

PocahontaH.  Va _ '  .348 

OonnollRVlHe,  Pa _ '  .790 

Do 

Do 


Volatile      FIxwl 
matter.  |  carbon. 


l.44r> 

,014 
1.033 

.710 
1.008  ' 

.SNK) 
1 .310 
1.700 
1.200  i 


00.451 
88.679 
92.744 
90.210 
9:J,0ri9 
92.840 
80.880 
91.000 
87.900 


Sulphur. 


0.474 
.506 
.451 
.692 
.611 
.605 
.685 
.470 
.CM 


Ash. 


7.050  ! 
9.815 
5.(90 
8.870  I 
4.972 
5..'»7  ' 

11.510  I 
7.300  I 

10.900 


Phos- 
|thoni5. 

0.(104 
M 
.008 
.009 


.015 
Mi 
M 


I*hyslcal  tests  of  Elkhorn  cokes  representeil  by  the  second  and  third  sjimples 
in  the  priH'tHllng  table  were  made  by  Mr.  John  Fnlton,  Johnstown,  Pa.,  the 
well-known  coke  si>ei'ialist,  from  whose  rei>ort  the  following  extract  Is  taken: 

The  hnrdnesH  of  the  Kontucky  coko  is  so  nearly  (xpial  to  that  of  Connellsville  that 
no  serious  practical  difTerence  should  l>e  nientlonod.  Hoth  of  those  cokes  (samples  2 
and  :\)  will  sustain  the  highest  blast-furnace  charges  in  use  to-day,  and  In  chemi<^ 
purity  exceed  the  average  of  the  standard  Connelisvllie  coke.  •  •  •  I'nder  thf*** 
conditions  of  the  physical  and  chemical  properties,  especially  with  very  low  volumes  of 
sulphur  and  phosphorus,  they  are  admirably  adapted  for  use  in  blast  furnaces  producing 
Bessemer  pig  iron. 


COKE. 
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The  following  analyses  and  tests  made  for  the  Northern  Coal  and 
Coke  Company  at  several  different  laboratories  and  plants  were 
kindly  furnished  by  John  C.  C.  Mayo,  an  officer  of  the  company. 

Analyses  of  five  samples  of  48-hour  coke  and  four  samples  of 
72-hour  coke  made  in  beehive  ovens  of  the  Northern  Coal  and  Coke 
Company  on  Elkhom  Creek  with  coal  taken  from  the  Ben  Potter 
and  William  MuUins  and  banks  average  as  follows: 

Analyses  of  Elkhom  coke. 
[A.  S.  McCreath.  analyst.] 


Constituents. 

48-hour. 

72.hour. 

Moisture. 

0.187 
1.285 
90.140 
7.891 
.517 

0.151 

Volatile  matter 

1.147 

^xed  carbon 

91.072 

A«h __     _                                                             .   _       . 

7.082 

Sulphur 

,M6 

Phosphorus  to  the  amount  of  0.003  per  cent  was  found  in  two  of  the 
samples. 

A  sample  of  48-hour  coke  from  the  coal  at  Ben  Potter's  gave  the 
following  results  ih  a  physical  test  by  John  Fulton,  of  Johnstown, 


Pa. 


Physical  test  of  Elkhom  coke. 


Percentage  by  volume  of  coke 50.84 

Percentage  by  volume  of  cells 40.26 

CyompresBlve  strength  of  cubic  inch,  one  fourth  ultiiimte  strength-pounds.  _       270 

Height  of  furnace  charge  without  crushing feet__       111 

Order  in  cellular  space 1.25 

Hardness 2.05 

Specific  gravity 1.  75 

A  test  of  the  coking  qualities  of  the  Upper  Elkhom  coal,  made 
by  the  United  Coke  and  (las  Company,  of  Camden,  N.  J.,  from  a 
200-pound  sample  taken  from  30  sacks,  gave  a  coke  of  good  furnace 
and  foundry  quality.  The  coal  was  crushed  to  pieces  one- fourth  to 
one-eighth  inch  in  size,  thoroughly  mixed,  and  carbonized  in  an 
iron  box.  Analyses  of  dry  coal  and  coke  are  shown  in  the  following 
table.  An  analysis  of  by-product  coke  made  by  the  Illinois  Steel 
Company  is  given  in  the  last  column  for  the  purpose  of  comparison. 


Analyses  of  Upper  Elkhom  dry  coal  a 

\nd  coke. 

Coke.« 

Constituents. 

Coal. 

By-product 
coke. 

Volatile  matter 

88.72 

C6.71 

3.94 

.62 

1.20 

98.01 

5.32 

.47 

1.02 

PIxed  carbon.  -. _            _  .            _ 

95.55 

A»h - - 

8.43 

Sulphur...... ^ 

00.99      , 

100.00 

100.00 

Sulphur... .... 

1 

.46 

I%o8phoniB 

.0084  I 

.0047 

.001 

•  Yield  of  coke  on  box  test,  71  per  cent. 
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Another  test  for  the  Northern  Coal  and  Coke  Company  was  made 
by  the  Pittsburg  Testing  Laboratory  (Limited),  with  the  result 
shown  in  column  3  of  the  next  table.  The  Semet-Solvay  Company, 
of  Syracuse,  X.  Y.,  report  as  follows  on  a  trial  of  the  Upper  Elkhom 
coal,  the  analyses  of  coal  and  coke  being  given  in  columns  1  and  2 
of  the  table. 

A  sample  of  Upj^er  Elkhom  coal  from  tlic  William  Mullins  open- 
ing was  coked  by  the  Hamilton  Otto  Coke  Company  at  Diiluth  and 
gave  the  results  shown  in  column  4  of  the  table. 

Analyses  of  Upper  ElJchorn  eonl  and  coke. 


Constituents. 

1. 
Coal. 

2. 
Coke. 

8. 
Coke.« 

Coke.» 

Moisture 

1.12 
37.95 
65.70 

5.23 

0.26 
1.68 
88.67 
8.39 

0.17 
0.00 
90.84 
8.99 

Volatile  matter 

1.72 

Fixed  carbon 

94.80 

Ash 

3.48 

100.00 

100.00 

100.00 

100.00 

Sulphur 

Phosphorus.. 


.55 
.0055 


.64 
.0118  ! 


.49 
.10  ' 


.48 
.008 


«  J.  O.  Handy,  nnaiyst. 


»W.  II.  WrlKht,  analyst.     Sample  dried  at  lO.'i*  C. 


Total  wet  coal,  35,335  pounds;  moisture,  2.42  per  cent;  total  dry 
coal,  34,480  pounds;  toal  wet  coke,  23,446  pounds;  moisture,  1.3  per 
cent:  total  dry  coke,  23,141  pounds:  yield  dry  coke,  G7.11  per  cent: 
total  wot  breeze,  1,200  pounds;  moisture  in  breeze,  12  per  cent;  total 
dry  breeze,  1,0(U  pounds;  yield  breeze,  3.07  per  cent ;  total  yield,  70.18 
per  cent. 

By-i)roducts  per  2,000  pounds  of  dry  coal:  Ammonium  sulphate, 
27.007  pounds;  tar,  10().3  j)()unds;  total  gas,  10,000  cubic  feet. 

These  tests,  made  by  miMi  thoroughly  experienced  in  that  work, 
show  that  the  Upper  Elkhorn  coal  in  this  part  of  the  field  produces 
a  coke  which  is  the  equal  of  the  standard  cokes  made  in  this  country, 
and  is  superior  to  Coiinellsyille  coke  in  its  very  low  percentage  of 
the  two  impurities,  sulphur  and  phosphorus.  It  is  the  belief  of  some 
who  have  experimented  with  it  that  the  strength  of  coke  made  from 
Elkhom  coal  is  increased  by  the  addition  of  a  small  amount  of 
laminated  coal  in  the  charge. 

TONNAGE. 

Any  estimate  of  the  amount  of  coal  in  this  field  must  necessarily 
be  only  approximate.  It  is  not  absolutely  known  how^  far  the  beds 
extend  beneath  the  surface  or  whether  the  average  thicknesses  shown 
in  prospects  and  mines  are  maintained  for  any  great  distance  back 
from  the  outcrops.  It  may  be  assumed  that  a  bed  2  feet  thick  is 
workable,  because  beds  carrying  less  than  2  feet  of  bituminous  coal 
are  l)eing  mined  in  the  United  States  to-day. 


TONNAGE. 
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The  following  estimate  of  the  coal  now  in  the  ground  does  not 
nclude  the  3-  or  4- foot  bed  said  to  be  above  the  Upper  Elkhorn  coal 
>r  the  4-foot  bed  500  feet  above  the  Flatwoods  coal,  both  of  which 
inderlie  only  small  areas  because  they  are  so  close  to  the  ridge  tops. 

The  tonnage  of  the  Elswick  and  Bingham  coals  is  estimated  on  an 
irea  only  one- fourth  that  of  the  field,  because  so  little  is  known  of  the 
character  of  these  beds.  The  Auxier  and  Millard  beds  are  better 
mown  and  are  assumed  to  be  of  workable  thickness  under  at  least 
>0  square  miles  of  the  130  which  constitute  the  field.  The  acreage  of 
he  Elkhorn  and  Flatwoods  coals  was  obtained  by  planimeter  from 
he  accompanying  map  (PL  I),  the  divide  at  the  head  of  JRussell 
fi'ork  drainage  being  taken  as  the  boundary  of  the  field.  --- 

r 

I  Eafimatcd  groHH  tonnage  in  the  Elkhorn  coal  field. 


Bed  and  locality. 


Slswlck-. 
tflUard. 


iingbam - 

jower  Elkhorn: 

East  of  RusscU  Pork 

Russell  Fork  to  Shelby  Gap 

Shelby  Gap  to  head  of  Elkhorn  Creek. 
Tpper  Elkhorn: 

East  of  RusseU  Pork 

Russell  Pork  to  Shelb7*Oap 

Shelby  Gap  to  head  of  Elkhorn  Greek 
latwoods - 


Total 1,146,726.000 


This  estimate  is  on  the  basis  of  a  specific  gravity  of  1.3,  or  1,800 
ms  per  acre  for  every  foot  of  coal. 

These  figures  are. so  inconceivable  that  the  idea  of  the  amount  of 

^al  estimated  to  be  in  this   field  can  be  grasped  only  w^hen  expressed 

other  terms  than  millions  of  tons.     The  total  amount  of  coal  in 

s  Elkhorn  field  is  nearly  three  times  as  much  as  all  the  coal  mined 

the  United  States  in  1905,  it  is  nearly  ten  times  the  amount  of 
•^*^:t:ninous  coal  mined  in  Pennsylvania  in  1906,  and  is  equivalent  to 

^lie  bituminous  coal  mined  in  Pennsylvania  previous  to  1902.  It 
^  Id  make  a  solid  bed  of  coal  8  feet  thick  over  the  area  represented 

t:lie  accompanying  map  or  1  foot  thick  over  1.000  square  miles. 
^  1)2,500,000  tons  of  coal  in  the  Upper  Elkhorn  bed  betw^een  Shelby 
l>  and  the  head  of  Elkhorn  Creek  lacks  only  1,000,000  tons  of 
"*^g  equal  to  all  the  coal  mined  in  Kentucky  between  1828  and 
^•S  ;  if  loaded  in  40-foot  coal  cars  carrying  40  tons  each,  it  would 

lc«  a  train  17,522  miles  long.  The  total  amount  of  coal  in  this 
^^,  over  1,000,000,000  tons,  if  loaded  in  the  same  way,  would  make 
^U.in  217,183  miles  long,  or  eight  trains  extending  around  the  world 
^Vi  enough  left  over  to  make  more  than  five  solid  trains  reaching 
^^ri  New  York  to  San  Francisco. 
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With  improved  mining  methods  and  utilization  of  the  slack  80  or 
even  90  per  cent  of  this  coal  may  be  marketed.  Assimiing,  however, 
that  30  per  cent — the  average  of  present  practice — will  be  wasted  in 
mining,  there  remains  a  possible  output  of  800,000,000  tons. 

MINERAL  RESOURCES  OTHER  THAN  COAL. 

Sandstone. — In  the  coal-bearing  rocks  there  is  usually  an  abun- 
dance of  stone  at  one  horizon  or  another  suitable  at  least  for  rough 
construction  work.     In  this  field  medium  to  coarse  grained  sandstone 
of  fair  quality  is  to  be  found  at  many  places  conveniently  located 
for  quarrying.     A  sandstone  that  outcrops  at  the  mouth  of  Marrow- 
bone Creek  and  a  little  above  the  water  on  Jesse  Creek  was  quarried 
at  these  two  places  by  the  Chesapeake  and  Ohio  Railway,  and  the 
blocks  were  used  in  bridge  and  culvert  construction.     The  sandstone 
is  rather  massive,  blue-gray  when  fresh,  and  weathers  to  brown.     Its 
texture  varies  from  medium  to  fine.     Some  of  the  bedding  is  marked 
by  black  lines  of  carbonaceous  matter,  and  bed  surfaces  often  are 
black  with  carbonized  vegetable  fragments,  including  even  lamelle 
of  coal.     Mica  is  abundant  in  the  rock,  and  brown  stains  extend  along 
lines  of  fracture. 

'Shale. — Little  attention  has  been  given  to  the  clays  and  shales  i^i 
this  part  of  the  State.  So  far  as  known,  there  are  no  hea\Tr  beds  <^^' 
fin*  clay  in  this  field,  and  most  of  the  shales  are*sandy  or  slight  ^"; 
bituminous  and  not  well  adapted  for  brickmaking.  Fine-texturt^^^ 
moderately  fusible,  and  fairly  plastic  clay  shale  is  required  for  sil^^ 
.  purposes. 

LlvwHtottc. — The  Newman  limestone  outcrops  in  great  abundai»-  ^ 
en  the  north  side  of  Pine  Mountain.  Its  outward  appearance  sn  ^ 
gests  that  it  is  a  pure,  high-grade  limestone  which,  in  conjuncti^:^^^ 
with  suitable  shale,  might  be  a  source  of  raw  material  for  the  mail-  "^ 
facture  of  Portland  cement.     No  analyses  of  this  stone  are  at  har»-  ^ 


PART  II -THE  RUSSELL  FORK  COAL  DISTRICT,  VIRGINIA. 

INTRODUCTION. 

Purpose  of  this  report. — Even  at  the  present  day  there  are  consider- 
ible  areas  in  the  Appalachian  coal  region  concerning  which  no  one 
bas  very  definite  information.  They  have  escaped  examination 
because  of  their  inaccessibility,  their  heavily  forested  condition,  or 
their  remoteness  from  lines  of  transportation.  A  combination  of 
these  conditions  has  retarded  the  prospecting  and  development  of  the 
field  of  bituminous  coal  here  described,  which  lies  in  southwestei:n 
Virginia. 

The  extension  of  the  Chesapeake  and  Ohio  Railway  up  Big  Sandy 
fiver  into  Pike  County,  Ky.,  drew  attention  to  the  coal  field  thus 
a.de  accessible,  and  the  contemplated  construction  of  a  railroad 
■om  Dante,  Va.,  through  Dickenson  County  made  it  desirable  that 
:^ormation  should  be  obtained  as  to  the  extent  and  character  of  the 
«^1  field  in  that  section.    This  information  would  be  valuable  both 

people  who  live  in  the  field  and  to  outside  investors.  Most  of  the 
sidents  of  the  district  have  very  little  idea  of  the  extent  of  the  coal 

of  its  value,  and  hence  are  wholly  ignorant  of  what  they  are  selling 
^^n  they  dispose  of  their  coal  rights.  They  do  not  realize  that  a  4- 
^^t  coal  bed  yields  6,000  tons  per  acre.  To  them  the  information 
^^umulated  by  this  survey  and  imparted  in  this  report  should  sug- 
^^t  the  desirability  of  reserving  their  coal  rights  or  of  getting  a  fair 
"ice  for  their  lands  rather  than,  as  formerly,  selling  coal  rights  by 
^  acre  for  a  merely  nominal  sum,  in  no  way  representing  the  value 
the  right  disposed  of.  To  outsiders  interested  in  the  discovery 
^^  development  of  coal  resources  this  report  should  be  of  some  value 

^ving  the  information  at  present  available  as  to  the  character  and 
^^kness  of  the  coal  seams  and  their  probable  extent. 
^VVith  this  purpose  in  view  the  task  of  making  a  reconnaissance 
^mination  of  the  coal  resources  of  "Russell  Fork  of  Big  Sandy  River 

*he  summer  of  1906  was  assigned  to  the  writer.  The  report  on  the 
^^:H  of  the  field  lying  in  Kentucky  forms  the  first  part  of  this  bulletin. 
^«  second  part — this  report — discusses  the  Virginia  portion  of  the 
^sseli  Fork  field. 

-literature, — Published  information  relative  to  this  field  is  exceed- 
^ly  scarce.  C.  Newton  Brown  made  a  hasty  tour  through  the 
^^hem  part  of  Dickenson  County  and  the  western  part  of  Bu- 
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chanan  County  in  18J)7  and  says,  in  his  report  on  the  mineral  resources 
of  Big  Sandy  Valley,"  that  as  a  rule  the  people  have  given  no  thought 
to  the  matter  and  know  very  little  as  to  the  thickness,  nmnber,  and 
extent  of  the  coal  beds.  He  states  that  the  beds  range  in  thickness 
from  3  to  (>  feet  and  some  of  them  are  fine  bituminous  coal.  He 
reports  no  facts  other  than  these,  but  predicts  that  large  areas  of 
workable  coal  will  be  found  here. 

M.  R.  Campl)ell  has  described  the  geology  of  regions  not  far  to  the 
east  and  south  in  the  Tazewell  and  Bristol  folios  of  the  (Jeologic 
Atlas  of  the  United  States  and  in  Bulletin  No.  HI  of  the  United 
States  (jeological  Survey,  on  the  geology  of  the  Big  Stone  Gap  coal 
field.  Brief  reports  on  the  coal  in  sc^attered  corners  of  this  field  have 
l)een  written  by  various  men,  but  they  have  not  been  published. 

Field  work. — This  ivport  is  based  on  six  weeks'  field  work  in  the 
fall  of  1900.  The  writer  entered  the  region  from  Pound  Gap  on  Sep- 
tember 10  and  made  a  circuit  through  Clintwood,  across  Cranes  Xest 
River,  and  up  McClure  Creek  to  Flint  Gap,  thence  along  Sandy 
Ridge  to  Carrie  post-office  and  down  Fryingpan  Creek  and  Russell 
Fork  to  Jane  post-office  and  the  Breaks  of  Sandy.  The  greater  part 
of  the  field  was  reached  by  side  trips  from  camps  along  this  route. 

The  work  took  the  form  of  a  rapid  reconnaissance  with  the  purpose 
of  covering  the  whole  field  described  and  learning  as  much  as  possi- 
ble about  the  number  and  cliaracter  of  the  coal  beds  and  something 
of  tlieir  occurrence,  distribution,  and  extent.     Time  did  not  permit 
the  workin^r  out  the  details  of  the  .structure  or  of  the  stratigraphy. 
The  basis  of  tlie  map  (PI.  V,  in  i)ocket )  accompanying  this  report  is  a 
draina<re  map  innde  for  the  Clinchfield  Coal  Corporation  by  Ileniy 
Keel,  of  Clintwood.  Vn.    To  it  the  writer  has  added  the  main  road^ 
and  trails,  so  far  as  he  knows  them.     They  are  admittedly  inconi- 
pl(»te.    Some  of  the  roads  shown  are  hardly  ]>assable  for  wagons.    Oi*- 
this  map  also  is  shown  the  location  of  over  one  hundred  coal  open-^ 
inirs.    Most  of  them  were  visited  and  their  locations  (m  the  map  art?^ 
accurately  shown,  but  a  few  oi)enin<rs  were  not  seen,  and  their  loca-^ 
tion  is  i)ased  on  descriptions  by  others.     The  oi)enings  whose  loca— - 
tions  are  only  approximate  are  numbered  5,  lo,  14,  45,  40,  40,  58,  59-^ 
(U.  7r>,  77,  S5,  Sf),  S7,  S8,  89,  1)0. 

The  field  work  consisted  larirely  in  running  road  traverses  and  plot-^ 
tin^  the  geology  on  road  sections.  Coal  banks  and  prospects  wert^ 
visited  and  measured  wherever  they  could  be  found.  All  elevation!^==^ 
were  obtained  by  aneroid  with  no  bench  mark  to  check  the  readings  — 
Coal  outcrops  are  not  shown  on  th<»  acconipanying  map  for  the  reason^- 
that  it  was  not  possible  in  the  time  allotted  to  this  work  to  trace  an(^ 
map  any  particular  bed  or  beds.     Such  correlations  as  were  made  ar^' 
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tated  in  the  following  pages  instead  of  being  drawn  imperfectly  on 
tie  map. 
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GEOGIIAPHY. 

Location. — The  area  discussed  in  this  report  is  that  part  of  the 
^ainage  basin  of  Russell  Fork  of  Big  Sandy  River  which  lies  in 
■  rginia.  It  includes  Dickenson  County  and  adjoining  portions  of 
ichanan  and  Wise  counties.  The  area  extends  from  the  head  of 
*ssell  Prator  Creek,  near  Grundy,  to  the  head  of  Pound  River,  at 
**ck  Mountain,  and  is  bounded  on  tlie  other  two  sides  by  Pine 
*^intain  and  Sandy  Ridge.  It  contains  about  550  square  miles  of 
^vily  wooded,  thinly  populated,  mountainous  country. 
Surface  relief. — Sandy  Ridge,  the  southeastern  boundary,  has  a 
^^ral  elevation  of  3,000  feet.  Pine  Mountain,  called  locally 
'^^mberland  Mountain,"  having  an  equal  elevation  and  separating 
^ginia  and  Kentucky,  forms  the  northern  and  western  boundary. 
^ck  Mountain,  at  the  head  of  Pound  River,  attains  an  altitude  of 
^^  feet  and  is  the  highest  point  in  the  field.  The  divide  bc^tween 
^^^sell  Fork  and  I^evisa  Fork  is  from  2,000  to  2,500  feet  above  sea. 
^^  general  elevation  of  the  nuiin  streams  is  1,500  feet,  and  the  lowest 
40858— Bull.  348—08 6 
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point  is  where  Kussell  Fork  passes  through  the  Breaks  at  the  north- 
eastern end  of  Pine  Mountain.  The  elevation  on  the  State  Hne  at 
the  mouth  of  (Jrassy  Creek  is  approximately  900  feet. 

For  the  most  part  the  country  is  made  up  of  steep-sided,  narrow- 
topped  ridges,  and  may  he  classed  as  mountainous.  The  ridges  be- 
tween Fryingpan,  Lick,  and  McClure  creeks  are  examples,  and  Big 
Ridge,  as  it  is  called,  between  McClure  Creek  and  Cranes  Nest  River, 
is  a  strong  feature  of  the  topography.  It  is  15  miles  long,  and  rises 
from  500  to  800  feet  above  the  creeks,  which  are  from  1  to  4  miles 
apart.  The  crest  of  the  ridge  is  from  2,100  to  2,500  feet  above  sea 
level  and  varies  scarcely  a  quarter  of  a  mile  from  a  straight  line 
throughout  its  length. 

There  are  no  level  areas  of  great  extent  in  this  section  of  the  State, 
the  largest  being  some  of  the  flat  tops  of  the  ridges,  which  are  com- 
paratively level  for  a  mile  or  more,  but  not  over  a  few  hundred  yards 
wide.  The  valley  bottoms  are  narrow,  often  affording  little  more 
than  room  for  a  road  along  the  side  of  the  stream. 

Drainage. — As  the  area  here  described  is  the  basin  of  Russell  Fork 
all  the  drainage  passes  into  Kentucky  through  the  Breaks  of  Sandy 
at  the  north  end  of  Pine  Mountain.    The  principal  streams  tributary 
to  Russell  Fork  are  Pound  River,  McClure  Creek,  and  Fryingpan 
Creek.    Pound  lUver,  the  largest,  rises  at  Black  Mountain  on  State- 
line  Spur  and  flows  northeast  parallel  with  Pine  Mountain  for  25 
miles.    Cranes  Xest  River,  a  fork  of  Pound  River,  is  of  about  the  sani*^ 
size  as  McChire  Creek,  each  having  a  basin  about  20  miles  long.    Th^ 
winding  courses  of  the  streams  make  their  total  lengths  much  greate'*^ 
than  the  length  of  the  basins.     In  this  report  the  ''  right "  and  "  left 
sides  of  a  stream  are  relative  to  the  position  of  a  person  facinfe? 
up.sfrcant.,  thus  conforming  to  the  usage  of  this  region. 

Finrsts. — Much  of  this  country  is  still  covered  with  a  fair  growtl  * 
of  typical  southern  Appalachian  hardwood  forest.  Cleared  tract^^^ 
aie  not  at  all  extensive.  Chestnut,  yellow  poplar,  white  and  red  oal^  •?• 
niai)lc,  beech,  ash,  hickory,  and  sycamore  are  connnon.  PapaW  - 
buckeye,  cucumber  tree,  and  black  walnut  are  less  common  but  n<'^ 
rai'c.  Black  walnut  trees  of  any  consideral)le  size  are  scarce  and  brin^^ 
a  high  pric(\  though  not  many  years  ago  they  were  cut  up  for  firt*- 
wood  and  fence  rails. 

Lumbering  is  fast  stripping  some  of  the  best  stands  of  tiniln'*'- 
and  at  the  i)i-esent  rate  of  increase  in  the  industry  the  day  is  not  f *  ^' 
distant  wlien  many  hillsides,  woi'thless  for  any  other  purpose*,  ^vll* 
b(^  cleared  and  l(»ft  bare*  of  timber  oi*  soil.  Logs  to  the  number  ^* 
8(),()()0  or  -I0,()()0  were  jannned  in  the  Breaks  for  four  years  and  in*^ 
have  retarded  the  lumlH'i"  business  in  that  section  temporarily,  but  tl"**^ 
jam  broke  in  January,  11)07.  On  Pound  River  near  the  mouth  ^ 
Xorth  and  South  forks  a  steam  tramroad  has  been  built,  portal'^*^ 
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niills  liave  been  introduced  imd  logs  are  coming  out  at  a  rapid 
3.  The  lumber  is  hauled  by  the  tram  to  the  railroad  at  Norton, 
.^he  timber  in  this  country  is  sufficient  to  attract  considerable  at- 
bion  and  should  be  the  basis  of  a  thriving  industry,  but  with  the 
sent  wasteful  and  unscientific  methods  of  lumbering  a  once  valu- 
3  asset  will  soon  be  exhausted  and  the  region  will  be  left  in  a 
dition  unfavorable  for  the  further  production  of  forest  growth. 
the  area  lies  near  the  heads  of  the  river  the  resulting  increased 
•d  danger  will  not  be  so  great  here  as  it  will  be  in  Kentucky. 
''he  timber  resources  of  the  section  described  are  sufficient  in 
ntity  and  quality  to  support  any  coal-mining  industry  that  may 
leveloped  here. 

'ettlevient. — Dickenson  County  has  an  area  of  324  square  miles 
[  a  population  of  7,747.  The  area  of  the  Russell  Fork  basin  in 
ginia  is  550  square  miles  and  the  population  probably  does  not 
eed  10,000.  The  settlements  are  confined  to  the  valleys  and  are 
very  small,  only  one  having  a  population  of  more  than  100  people, 
I  that  is  the  county  seat,  Clintwood,  which  numbers  255.  There  is 
Y  one  colored  resident'  in  Dickenson  County,  a  little  girl  living  at 
ysi. 

^arming  and  lumbering  are  the  principal  occupations  of  the  people, 
•n  is  the  chief  crop  and  is  of  necessity  raised  in  small  patches  on 
;p  hillsides. 

[ccessihility. — There  is  no  ready  access  to  this  country  except  by 
le  gap  in  the  surrounding  mountains.  Pine  Mountain,  State-line 
jr,  and  Sandy  Ridge  form  a  continuous  barrier  on  three  sides,  with 
:eneral  elevation  of  3,000  feet,  while  the  fourth  side,  the  divide 
ween  Russell  and  Levisa  forks,  is  but  little  less  of  a  barrier. 
Vagon  roads  are  not  numerous.  One  of  the  principal  roads  is  from 
nips  Creek  over  Sandy  Ridge,  down  Fryingpan  Creek  to  Russell 
"k,  down  that  stream  to  the  mouth  of  Russell  Prator,  and  then  over 
hills  to  Grassy  Creek  and  through  the  Breaks  to  Elkhorn  City, 
.  The  road  from  Grundy  comes  down  the  Russell  Prator,  crosses 
ssell  Fork  at  the  mouth  of  McClure,  crosses  the  hills  to  the  mouth 
Cranes  Nest,  and  follows  the  crest  of  the  ridge  to  Clintwood.  It 
s  up  Georges  P\)rk,  down  Hamilton  Creek  to  Pound  River,  and 
Wing  follows  up  both  forks  to  Flat  Gap.  A  road  from  Pound 
is  over  Pound  Gap  to  the  head  of  Elkhorn  Creek,  Ky.,  and  another 
^  up  Indian  Creek  to  Glamorgan  and  AVise. 

filtering  the  region  from  Dante  the  road  crosses  either  Flint  Gap 
Trammel  Gap,  goes  down  McClure  to  a  point  2  miles  below  the 
^th  of  Caney  Creek,  crosses  to  Cranes  Nest  River,  and  then  up 
^g  Branch  to  Clintwood.  From  Clintwood  one  may  continue 
^h  down  Brush  Creek,  cross  Pound  River,  and  climb  the  mountain 
^lowing  Rock  Gap,  which  leads  to  Ashcamp,  on  Elkhorn  Gree,k^  vcv 
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Kentucky.  Traveling  by  wagon  on  any  of  these  roads  is  slow.  The 
customary  method  of  traveling  in  this  country  is  on  horseback. 
Haul  roads  and  bridle  paths  are  numerous,  so  that  almost  any  point 
is  accessible  by  the^je. 

The  neai-est  railroads  are  the  Clinch  Valley  division  of  the  Norfolk 
and  Western  Railway  on  the  south  and  the  Big  Sandy  branch  of  the 
Chesai>eake  and  Ohio  Railway  at  Elkhorn  City,  Ky.,  on  the  north. 
A  railroad  into  the  region  from  the  north  through  the  Breaks  could 
be  built  at  considerable  exj^ense.  The  South  and  Western  Railroad 
has  a  route  surveyed  through  the  Breaks  to  the  mouth  of  Cranes  Nest 
River*with  a  maximum  compensated  grade  of  less  than  1  per  cent 
This  route,  which  would  connect  the  railroad  at  Dante  with  the  Ches- 
aj^eake  and  Ohio  at  Elkhorn  City,  extends  up  McClure  to  Trammel 
(lap,  where  Sandy  Ridge  would  be  pierced  by  a  long  tunnel.  An- 
other feasible  route  would  he  up  Dumps  Creek,  under  Risers  Gap  by  a 
tunnel,  and  down  Fryingpan  Creek.  A  narrow-gage  steam  railroad 
extending  from  Norton  to  Pound  is  used  exclusively  for  lumbering. 

GENERAL.    GKOIiOGY. 

STRATIGRAPHY. 
GENERAL  STATEMENT. 

Tho  rocks  of  this  field  belon<j:  to  the  l\)ttsvillo  group  of  the  Cai' 
boniferous.  Three  formations  are  represented  in  whole  or  in  parC^ 
The  lowest  is  the  Lee  conglomerate.  This  is  overlain  by  the  Norto^^ 
formation,  which  makes  the  surface  of  the  greater  pail  of  the  area-^ 
The  lower  members  of  the  Wise  formation  cap  some  of  the  higher  ' 
portions  of  the  ridge  along  the  southern  and  eastern  boundary  of  thc^' 
region.  The  Lee  conglomerate  is  about  1,000  feet  thick,  the  Nortor^ 
ai)proaches  1,100  feet,  and  i200  or  I^OO  feet  of  the  Wise  formation  art^' 
present,  making  a  total  stratigrapliic  secticm  of  about  2,400  feet  ^ 
These  formations  are  described  in  detail. 

LEE  CONCiLOMEKAlT':. 

A  sandstone  and  conglomerate,  1,000  or  more  feet  thick,  which  i?< 
prominent  in  this  part  of  the  A])palacliiaiis,  is  known  as  the  I^»e  coii-  J 
glomerate,  named  from  I^»e  County,  Va.,  where  it  is  conspicuous  ir^ 
the  Cumberland  escarpment.     This  is  composed  largely  of  massive^ 
sandstone,  but  may  contain  some  thin  sandy  or  shaly  Iwds.     Two  o«: ' 
three  coal  l)eds  have  been  found  in  it  at  various  places.     The  namc^ 
conghmierate  was  applied  to  this  formation  because  some  portions  ot' 
it,  particularly  the  top  and  bottom,  carry  considerable  quantities  o*^ 
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hite  quartz  pebbles  up  to  the  size  of  a  robin's  egg.    The  for- 
as  a  whole  weathers  to  a  grayish 


^c^ 
^^^ 
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nay  be  somewhat  iron-stained  on  the 
ind  is  coarse  grained.  Cross-bedding 
lonly  found  near  the  top  of  the  for- 

jee  conglomerate  is  exposed  along  the 
le  of  Pine  Mountain  (Cumberland 
in)  from  State  Line  Spur  to  the 
of  Sandy,  where  it  has  a  thickness  of 
,000  feet.  In  the  gorge  known  as  the 
the  formation  is  exposed  in  sheer 
veral  hundred  feet  high.  The  fault 
le  west  side  of  Pine  Mountain  throws 
in  air,  so  that  the  base  of  the  forma- 
;een  at  Pound  Gap  and  a  little  above 
3  Gap.  In  fact,  the  bottom  of  the 
on  forms  much  of  the  crest  of  the 
in.  North  of  the  river  the  amount 
lacement  along  the  fault  decreases, 
Cow  Fork  of  Grassy  Creek  it  is  so 
hat  the  escarpment  is  lost  and  the 
the  formation  'is  but  little  above 
vel. 

»nglomeratic  character  of  the  forma- 
n  be  seen  near  the  mouth  of  Camp 
,  a  tributary  of  Russell  Fork,  at  the 
and  along  the  crest  of  Pine  Moun- 
here  in  places  the  surface  is  strewn 
uartz  pebbles  weathered  from  the 
the  Ijee. 

Luss(»ll  Fork  above  the  mouth  of  In- 
•eek  a  massive  sandstone  which  car- 
ite  quartz  i)ebbles  and  is  believed  to 
op  of  the  lj}e  is  exposed  for  several 
At  the  mouths  of  Indian  and  Ilurri- 
*eks  it  forms  cliffs  100  feet  high  and. 
gradually  to  the  east,  keeps  above 
learly  to  the  heads  of  the  streams. 
3  of  the  Ijee,  according  to  a  hurried 
jrrelation,  is  but  a   few   feet   above 

post-office,   on    Russell    Fork,   and 

water  level  one-half  mile  above 
lear  the  coal  bank  of  Isaac  J.  Hurt, 
mtification  of  the  I^ee  on  the  head  of  Russell  Fork  is  based  on 
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the  close  lithologic  resemblance  to  its  occurrence  in  Pine  Mountain  and 
on  tlie  impression  g^athered  by  riding  over  the  country  that  the  ri:^ 
of  tlie  rcK'ks  in  this  comer  of  the  county  ought  to  bring  the  I.iee  to  the 
surface.    C'onfirmatory  paleontologic  evidence  was  not  obtained. 

NORTON    FORMATION. 

A  series  of  sedimentary  rocks  consisting  of  sandstone,  shale,  ».  nd 
coal,  and  having  a  thickness  of  1,000  feet  or  more,  lies  above  itihe 
Ijee  conglomerate  and  is  known  in  this  part  of  the  AppalachLa^ns 
as  the  Norton  formation.  It  was  first  described  by  M.  R.  Campt»ell 
in  Bulletin  No.  Ill,  on  the  Big  Stone  Gap  coal  field  of*VirgL»ia 
and  Kentucky.  He  ascribes  a  thickness  of  1,280  feet  to  the  fon^ia- 
(ion  and  defines  it  as  lying  between  the  I^ee  conglomerate  and  t:he 
(iladeville  sandstone.  The  formation  probably  varies  in  thickii*?s^i 
for  there  is  some  disagreement  among  sections  containing  it:  the 
sections  in  the  bulletin  just  mentioned  and  in  the  Bristol  and  Estill" 
ville  folios  by  the  same  author  are  not  alike,  and  the  section  measui^^^ 
by  the  writer  is  a  little  different  from  any  of  the  others. 

According  to  a  section  of  the  rocks  measured  by  aneroid  frorw 
Trammel  (Jap  to  Dante  on  the  edge  of  this  field,  to  w4iich  was  add^^^ 
the  record  of  a  diamond-drill  hole  at  Dante,  the  thickness  of  tl"»® 
foniiatioii  is  1,000  feet.  This  estimate  is  based  on  an  assumpti^^^- 
Oiat  a  heavy  sandstone  found  in  tlie  drill  hole  257  feet  below  tl""^ 
surface  is  tlie  top  of  the  T^ee  con^rlonierate,  and  that  a  sandst^^'^^ 
canying  wliite  cjuartz  pebbles  aiul  exposed  in  Trammel  (lap  is  tl'*^ 
(ihideville.  Tlie  base  of  this  conglomeratic  sandstone  is  only  ti- *' 
feet  above  the  T'])])er  Banner  coal,  and  tliis  raises  a  question  as  '^^^ 
the  coirectness  of  the  correlation,  as  Mr.  Cani])l)ell  has  des(Til>*^** 
the  r])per  Banner  as  being  400  feet  below  the  (iladeville  sandsto'^*'' 

The    (iladeville    has    not    been    described    as    conglomeratic,    !>** 
always   is  r(»f erred  to  as  a  massive  sandstone  about   100  feet   thi^^'*^' 
As  tills  conglomeratic  bed  at  Trammel  (lap  is  the  nearest  appron*^**^ 
to  a  massive  sandstone  found  in  the  ridge  above  the  Up])er  Bani^^* 
coal,  and  as  it  is  at  the  same  elevation  ai)ove  the  coal  as  the  massi'^  ** 
(iladeville  in  the  ridge  between  Cranes  Nest  Kiver  and  Pound  Riv**'*- 
the   writer  has  accepted   the  coiTelation   of  the  bed  bearing  qua^'^ 
jK'bhles  in  Trammel  (Jap  as  the  (iladeville,  thus  obtaining  an  alni<*^ 
dii'ect  measui'e  on  the  thickness  of  the  formation. 

So  far  as  known  a  detailed  section  of  the  Norton   formation  1^*^^ 
never   been    ])ul)lished.     That    which    follows    is   based    on    a    fai*'*-^ 
(•om|)Iete  section   seen  at   Dante,   Kussell   County,  on   the  south  ?^**    \ 
of  Sandy  Kidge,  and  on  shoi'ter  sections  measured  at  various  poi^^ 
in  Dickenson  Countv: 


STRATTflRAPIIY.  87 

Section  of  Xorton  fontMtion, 

Feet. 

3 

tone,   thin-bcHliled 80 

- GO 

11  bJoom  8een___ 1 

tone,   massive 100 

er  Banner 5 

tone,  shaly,  and  shale ^^ 

tone 20 

er  Banner .^4 

tone,  massive 50 

2 

tone  and  sliale IIK) 

ow  Kennedy 0 

tone :iO 

and  thin  sandstone 00 

tone  carryinjr  15  inches  of  c'oal 20 

tone  and  shale 230 

tone,   massive 00 

15 

3-15 

15 

1,0<« 

this  it  appears  that  the  Widow  Kennedy  coal  is  approxi- 
50  feet,  the  Lower  Banner  coal  700,  and  the  Upper  Banner 
above  the  Lee  conglomerate. 

(JLADEVILLE  SANDSTONE. 

is  a  question  in  the  mind  of  the  writer  as  to  the  identifica- 
he  Gladeville  sandstone  in  Sandy  Kidge,  where  the  greater 
:he  above-descril)ed  section  was  measured.  Nothing  in  the 
sely  resembles  the  Gladeville  as  it  is  conspicuously  developed 
Wise,  Clintwood,  and  the  mouth  of  Cranes  Nest  River. 
Nickels  Gap,  near*  Puncheon  Tree  Branch  of  Cranes  Nest 
e  Upper  Banner  coal  is  250  feet  below  the  base  of  the  Glade- 
dstone.  In  this  part  of  the  county  the  Gladeville  is  100 
k,  makes  strong  ledges,  and  strews  the  surface  with  large 
hich  are  conspicuous  because  of  their  abundance  and  gray 
lie  rock  is  coarse  grained,  resembling  the  Ijee  in  all  respects 
lat,  so  far  as  observed,  it  is  not  conglomeratic.  At  the  same 
above  the  Upper  Banner  in  Sandy  Ridge  is  found  a  sand- 
iich  carries  a  few  quaii:z  pebbles  and  which  it  is  assumed 
he  equivalent  of  the  Gladeville,  although,  according  to  Mr. 
1,  the  interval  l)etween  the  Gladeville  and  Upper  Banner 
point  a  few  miles  fai'ther  west  is  4(X)  feet,  or  150  feet  greater 
interval  here. 
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WISE  FORMATION. 

The  lower  portion  only  of  the  Wise  formation  is  found  in  thi 
area.  Its  extent  and  distribution  is  not  known  because  the  Glade 
ville  sandstone  has  not  been  traced  over  the  whole  field.  It  occur 
only  in  the  tops  of  the  ridges  except  in  the  vicinity  of  Clintwooi 
where  it  is  brought  down  to  an  elevation  of  about  1,800  feet  by  t 
structural  depression.  From  Clintwood  northeast  the  Wise  forma 
tion  caps  the  ridge  for  several  miles,  or  until  the  Gladeville  rise? 
to  the  top  near  the  mouth  of  Cranes  Nest  River.  It  is  probable 
that  the  Wise  formation  also  makes  part  of  the  crest  of  Sandy 
Ridge  and  of  Big  Ridge  between  Cranes  Nest  and  McClure  creeks. 

The  Wise  formation  is  composed  of  sandstone  and  shale  like  the 
Norton  formation  and  contains  a  few  coal  beds.  One  coal  bed  which 
lies  at  or  near  the  base  of  the  formation  attains  a  thickness  of  8  feet 
on  Lick  Fork  and  (Jeorges  Fork  near  Clintwood. 

STRUCTURE. 
GENEILVL  STATEMENT. 

Second  in  importance  only  to  the  determination  of  the  amount 
and  quality  of  coal  in  a  prospective  field  is  the  detailed  determin- 
ation of  the  structure  of  the  beds  in  that  field.  On  this  dei)cn(ls 
the  proper  location  of  develo[)ment  work  for  economical  exploita- 
tion of  the  coal,  for  natural  drainage  of  the  mines,  for  favorable 
^nule  to  loaded  cars,  and  other  i)oints  which  make  coal  mining 
a  ])aying  or  a  losing  proposition. 

The  (letenniuation  of  structure  which  shall  be  of  any  value  to  min 
u\<r  (»n«j:ineers  oi*  others  iuteresttMl  in  the  development  of  a  coal  fiol( 
niiist  \)o  made  with  considerable  care  and  accuracy.  Frequent  ex|M>? 
nres  of  the  refeience  stratum  or  of  the  deformed  surface  l)eiu 
inaj)ped  ai*(*  necessary  to  the  success  of  the  work,  and  if  the  baromeu 
i<  UM'd  for  elevations  it  should  be  checked  regularly  at  some  Ixmi 
mark  of  known  elevation. 

In  this  field,  covering  550  scpiare  miles,  theiv  is  no  lx»nch  on  whi< 
to  check  the  barometer  readings,  and,  on  account  of  the  heavi 
wooded  character  of  the  country  and  undeveloped  condition  of  t 
coal  resources,  it  was  not  possible  to  carry  tlie  correlation  of  any  pj 
licular  stratum  over  the  entire  field.  Consecjuently  in  the  six  wtM^ 
given  to  the  work  it  was  not  ])ossil)le  to  work  out  the  structure 
detail. 

UKSCKirTlON. 

For  the  most  part  the  rocks  in  this  area  lie  comparatively  fl 
The  average  dip   will  scarcely  exceed   50   feet   to  the   mile.     Oi 
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the  general  features  or  most  conspicuous  structure  will  be  de- 
scribed. From  the  crest  of  Pine  Mountain  to  Pound  River  and 
Russell  Fork  below  the  mouth  of  Pound  River  the  rocks  dip  strongly 
to  the  southeast  at  angles  decreasing  in  greatness  toward  the  south- 
east. At  the  top  of  the  mountain  the  conglomerate  and  massive  sand- 
stone at  the  base  of  the  Lee  dips  to  the  east  at  angles  as  high  as  25°, 
whereas  near  Pound  River  the  dip  is  less  than  10®.  This  carries  the 
Lee  conglomerate  rapidly  below  the  surface,  so  that  it  is  not  seen  east 
of  the  river  except  below  the  mouth  of  Pound  River  on  Russell  Fork. 

In  the  triangle  between  Pound  River,  Cranes  Nest  River,  and  the 
county  line  the  structure  as  shown  by  the  Gladeville  sandstone  dips  in 
a  general  way  toward  Brush  Creek  or  a  point  on  Pound  River  north 
of  Clintwood.  In  other  words  the  Gladeville  is  lowest  on  Brush 
Creek  or  in  that  vicinity,  a  little  higher  at  Clintwood,  and  rises  to  the 
southwest  to  the  head  of  Lick  Fork,  and  to  the  northeast  reaches  the 
top  of  the  ridge  near  the  mouth  of  Cranes  Nest  River.  This  makes  a 
syncline  or  basin  along  Pound  River. 

In  that  portion  of  Wise  County  which  is  included  in  this  discussion 
the  syncline  along  Pound  River  is  readily  recognized.  The  axis  seems 
to  lie  between  North  and  South  forks  and  the  lowest  point  is  near 
the  junction  of  the  two,  for  the  rocks  dip  down  South  Fork,  Indian, 
Bowlecamp,  and  Mill  creeks. 

Throughout  the  rest  of  the  area  under  discussion,  from  Sandy 
Ridge  to  Cranes  Nest  River,  the  rocks,  as  far  as  could  be  discovered 
in  a  hurried  reconnaissance,  dip  generally  to  the  north  and  north- 
west. There  are  some  minor  interruptions,  such  as  the  south  dip  on 
Russell  Fork  near  the  mouth  of  Indian  Creek  and  on  Russell  Fork 
from  Birchleaf  post-office  to  Duty  Branch,  but  these  are  not  thought 
to  be  numerous  or  extensive. 

FAUI.TS. 

It  is  well  known  that  a  great  fault  extends  along  the  west  side  of 
Pine  Mountain  for  many  miles,  interrupting  the  continuity  of  the 
Virginia  and  Kentucky  coal  fields.  The  effect  of  this  overthrust  fault 
is  very  plain  on  the  Virginia  side  of  the  mountain,  for  it  tilts  the  rocks 
up  to  an  angle  of  25®  and  brings  all  of  the  Lee  conglomerate  to  the 
surface.  This  fault  is  on  the  Kentucky  side  of  Pine  Mountain,  but 
north  of  the  Breaks  of  Sandy  it  crosses  the  State  line  on  Grassy  Creek 
and  is  marked  by  an  escarpment  which  decreases  in  height  toward  the 
northeast  until  on  Cow  Fork  it  is  scarcely  recognizable.  It  is  possi- 
ble that  the  fault  terminates  in  a  northward-plunging  anticline  on 
Levisa  Fork,  though  such  an  anticline,  if  it  exists,  must  be  a  very 
minor  feature  as  compared  to  the  fault. 

An  escarpment  100  feet  or  more  in  height  on  the  flank  of  Pine 
Mountain  n6ar  the  head  of  Skeet  Rock  and  Lower  Twin  branches 
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.siiggt*sts  that  it  is  a  fault  face,  but  for  lack  of  time  and  l)ecau9e  it 
beyond  the  liniils  of  the  coal  ImhIs,  it  was  not  studied.  The  road  ni 
along  the  crest  of  this  escarpment  for  some  distance.  A  notch  in  tl 
crest  of  Pine  Mountain,  known  as  *'  Skags  Gap,"  suggests  cross  faul 
ing  in  the  ridge.  One  side  of  the  notch  as  seen  from  the  south 
nearly  peri)endieular,  and  in  that  way  differs  from  the  other  gaps. 

I'arallel  faults  75  yards  apart  and  trending  N.  40°  W.  were  foui 
at  the  mouth  of  Pound  River.  The  amount  of  displacement  was  n 
ascertained.  One  of  these  faults  crosses  Pound  River  at  the  dam  ai 
directly  under  the  gristmill  which  is  situated  here.  On  the  low 
side  of  the  dam  is  the  T-iee  conglomerate,  rising  40  feet  above  t! 
water,  while  on  the  upi)^r  side  IkhIs  of  shale  dip  away  from  the  fan 
Angulai'  blocks  of  the  Iak»  are  seen  in  the  fault  at  the  door  of  the  mi 
Sandstone  overlying  the  shale  dips  upstream  for  a  short  distant 
but  at  the  ford,  less  than  one-fonrth  mile  above  the  mill,  the  dip 
downstream. 

Hie  second  fault  makes  a  displacement  in  the  Lee  and  exten 
along  the  west  bank  of  Russt»ll  Fork,  cnissing  Pound  River  at  i 
mouth.  This  fault  is  conspicuous  at  low  water,  for  the  i-ock  floor 
I*ound  River  breaks  off  abruptly  in  a  straight  line  into  the  deep 
water  of  Russell  Fork.  Time  did  not  permit  of  a  determination 
the  extent  of  these  faults.  The  accompanying  illustrations  (PI.  Y 
.1  \un\  />)  s^how  tli(»  faulting  In^tter  than  it  could  be  shown  by  ai 
fni'llier  (Icsci'iption. 

A  small  fault  uiiiking  a  disj)lacement  of  about  20  feet  in  a  massi 
sandstone  was  not  eel  at  the  fonl  just  below  Colley  j>ost-office,  near  t 
nioulli  of  Frvin*.q)an  C'rcu'k.  On  Priest  Fork,  less  than  one- four 
mile  above  the  nioiilh.  tluMlij^s  in  >onieof  the  outcrops  are  very  stroii 
ami  a  clill'  in  the  stream  above  ffohn  Riser's  house  shows  some  d 
tnibance  which  seems  to  indicate  a  small  fault.  A  coal  oi)ening  alw 
the  road  near  Kiser's  house  also  shows  a  little  displacement  of  t 
strata.  Tt  is  not  known  that  there  is  any  relation  between  the  faul 
at  these  two  places,  but  the  sugirestion  that  there  may  be  is  strengt 
encd  by  the  occurrence  of  a  very  sharp  little  fold  at  the  third  Um 
in  IJussell  Fork  above  Murphy,  'i'hese  three  j)oints  are  in  line  ai 
ni:iy  be  related. 

On  Russell  Fork,  about  1  mile  above  the  mouth  of  Ilurrica 
Creek  i\\u\  near  Spencer  HalTs  house,  there  is  some  indication  of 
fault.  A  nias>ive  sandstone.  suj)j)ose(l  to  be  the  top  of  the  I^*e,  whi 
(•nil  be  ti'ace<l  from  the  head  of  the  river  to  this  point,  gradually  d 
ei-ea^ing  in  elevation,  here  suddenly  (lisjij>pears,  and  shale  standii 
:it  hiirli  anirlcs  is  ^een  at  the  sauK^  elevation.  A  short  distance  Ix^k 
l>air^  the  heavy  samlstone  letlges  a|)|>ear  a^aiin  and  continue  to  t 
mouth  of  Hurricane  Creek,  wher«'  the  toj)  of  this  conspicuous  stratii 
is  about  7U  feel  above  the  creek.     The  di[)  continues  downstream  f 
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A.     FAULT  LINE  SHOWN  BY  ROCKS  IN  BED  OF  STREAM.  MOUTH  OF  POUND  RIVER. 


Ji.     FAULT  AT  MOUTH  OF  POUND  RIVER. 
The  mill  conceals  brecciated  zone.     Lee  conglomerate  on  right,  shale  on  left  of  picture. 
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a  short  distance,  but  reverses,  so  that  the  same  sandstone  makes  a 
cliff  100  or  more  feet  high  at  the  mouth  of  Indian  Creek.  Although 
highly  tilted  strata  or  faults  were  not  seen  on  Indian  Creek,  it  is 
notable  that  there  is  a  possibility  of  the  continuance  of  the  above- 
described  disturbance  a  little  below  Duty.  The  heavy  sandstone,  sup- 
posed to  be  the  Lee,  on  Caney  Fork  of  Indian  Creek,  dips  gently  down- 
stream to  a  point  about  one-fourth  mile  below  the  mouth  of  Caney. 
There  the  conspicuous  ledges  disappear,  and  it  is  said  the  large  coal 
l»ed  in  this  vicinity  shows  evidence  of  disturbance.  Farther  down- 
stream the  massive  sandstone  ledges  appear  again,  but  the\'^  are  dip- 
ping strongly  upstream.  This  is  not  sufficient  evidence  for  drawing 
the  continuation  of  the  fault  seen  at  Ball's  across  to  Indian  Creek, 
but  to  those  considering  investment  in  this  part  of  the  field  the  sug- 
gestion may  be  of  value. 

At  Haysi,  a  few  rods  east  of  C.  M.  Heyter's  store,  sandstone,  shale, 
smd  thin  streaks  of  coal  are  exposed  in  the  highways,  standing  vertical 
sind  striking  north  and  south.  Just  west  of  the  store,  in  the  road  in 
:frc)nt  of  Mr.  Garrett's  house,  there  is  a  2-foot  coal  which  dips  70® 
and  strikes  N.  05°  W.  In  the  head  of  a  ravine  on  Mrs.  Winnie 
Scyphers's  land  and  below  Garrett's  house  the  rocks  are  greatly  dis- 
turbed and  indicate  proximity  to  a  fault.  Sandstone  at  the  head  of 
the  ravine  stands  vertical,  and  a  few  rods  below  is  shale  which  is  both 
z^ontorted  and  vertical.  Between  these  outcrops  coal  dipping  only  a 
few  degrees  is  exposed  under  a  roof  of  jointed  sandstone.  The  rela- 
tion of  this  sandstone  to  the  other  rocks  suggests  that  its  broken 
L?ondition  is  due  to  the  strain  of  faulting.  Farther  down  the  ravine 
:  he  rocks  are  horizontal. 

It  is  possible  that  other  minor  faults  or  sharp  folds  of  small  extent 
iiay  be  found  on  closer  investigation  of  the  field. 

COAIi  RK80URCE8. 

GENEWAL   STATEMENT. 

On  account  of  the  undeveloped  condition  of  the  coal  resources  of 
:  his  region  and  because  of  the  reconnaissance  character  of  the  survey, 

t  is  not  possible  for  the  writer  to  name  and  describe  the  extent  of 
-he  various  coal  beds  occurring  in  the  area.  Many  of  the  coal  out- 
crops lie  several  miles  from  the  next,  and  in  the  wooded  condition  of 

he  country  it  was  impossible  to  carry  correlation  over  distances  so 
great.  Certain  beds  were  traced  throughout  small  areas,  but  in  some 
:>arts  of  the  field  no  horizon  was  recognized  with  certainty. 

Five  coal  beds  of  economic  importance  were  recognized  and  will  1k» 
:*eferred  to  by  name  wherever  the  identity  is  established.  The  lowest 
>f  these  is  a  bed  from  3  to  15  feet  thick  which,  in  the  author's  opinion, 
:>ccurs  a  few  feet  above  the  top  of  the  Lee  conglomerate.    Paleonto- 
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logic  or  other  ovidence  has  not  yet  l)een  obtaineil  to  confirm  this  point. 
Tins  horizon  is  Iwlow  the  surface  of  the  greater  part  of  the  area,  but 
is  expost^d  on  the  head  of  Kussell  Fork  and  its  tributary,  Indian 
Creek.  Here  the  coal  has  a  thickness  of  8  feet  or  more  at  a  number 
of  o])enings.  Because  of  the  interest  of  S.  J.  Tiller,  postmaster  at 
Duty,  Va.,  in  the  development  of  this  coal,  it  will  be  called  in  thi?< 
n»port  the  Tiller  coal.  It  probably  corresponds  to  the  Elswick  coal  of 
the  KIkhorn  field  of  Kentucky. 

The  Widow  Kennedy  coal,  which  has  been  mined  for  a  number  of 
years  at  Dante  jind  is  exposed  east  of  Tacoma,  Va.,  is  400  to  450  feet 
above  the  I^ee  conglomerate.  So  far  as  the  writer  s  limited  observa- 
tions go  this  coal  has  sandstone  for  l)oth  roof  and  floor.  The  roof 
sandstone  at  some  places  is  fractured  by  numerous  joints.  The  bed 
varies  greatly,  thicknesses  of  8  feet  and  12  feet  having  been  seen  in 
the  same  mine,  and  at  another  point  it  decreases  from  7  feet  to  1  foot 
in  TiO  yards.  Faulting  strains  or  other  forces  seem  to  have  disturlxnl 
this  coal  more  than  the  others,  and  in  many  places  it  is  crushed, 
contorted,  and  filled  with  balls  and  bands  of  clay,  so  that  its  value  is 
gr(»atly  decreased. 

Aj)j)roxinnitely  700  feet  al>ove  the  T-iCe  conglomerate  is  the  Lower 
Hanner  coal,  which  is  mined  at  Dante  and  Toms  Creek.  This  coal 
is  al)out  4  feet  thick  and  occurs  above  50  fet»t  of  massive  sandstone. 
it  i*^  little  known  in  the  area  described,  and  the  fact  that  it  has  not 
been  found  elsewhere  nuiy  indicate  that  it  is  thin  and  unimportant. 

One  liuiidre<l  feet  above  it  is  the  Upper  Banner  coal,  4  to  5  fwt 
ihicU.  wliich  is  widely  known  in  Dickenson  (\)unty  by  numerous  pros- 
jmmIs.  a  sandstone  ])arting  1  to  .*>  inches  thick  occurring  in  the  upp«»r 
pMit  of  the  bed  is  :i  peculiar  characteristic  of  this  coal. 

In  !1h*  vicinity  of  (Minlwood  a  coal  bed  T)  to  1)  feet  thick  occurs  just 
abovi*  the  (iladcvill(»  >an{Utone  and  has  been  open(Ml  in  a  nunil)er  of 
|)lac(»s.  The  fni'l  supply  of  th(^  county  seat  comes  from  this  IkmI.  The 
wiilcr  can  not  dclinitely  correlate  il  with  any  s(»ains  previously  de- 
scrilxMl.  jind  in  this  rej)ort  will  call  it  the  Clint  wood  coal.  Its  giTat- 
e>t  ilcvelopnient  is  west  of  CMintwood. 

A  (lescrij)iion  of  the  exposures  seen  at  ])rospect  trenches,  coal  bank^, 
jind  nalui'al  ontcroj)s  in  all  part-  of  the  area  will  give  an  idea  of  the 
clijiraclci-  and  distribution  of  the  i-oal  IxmK.  To  facilitate  description 
the  field  will  \)o  divided  into  four  ])aiM-.  namely,  the  drainage  basin< 
of  I*ound  River,  Cranes  Ne>t  Rivi-i",  McCMui'e  Crt^ek,  and  Rus»^»ll 
Fork. 

KlSSKLl.   roKK. 

(iiiifi'dl  sfnfciKtuf, — I'he  seiiion  of  ihe  field  described  under  the 
heading  Kus>ell  Fork  includes  all  the  tril)utary  tlrainage  of  Kussell 
Fork  on  the  east   from  its  head  to  (iras>v  Creek,  at  the  State  line. 
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A.     ISAAC  HURT  COAL  BANK.  RUSSELL  FORK. 


B      UPPER  BANNER  COAL  AT  FLOYD  VIERS,  LOW  GAP  BRANCH. 
i>  from  photo  loaned  by  H.  Hardawvay. 
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and  Fryingpan  and  Lick  creeks  on  the  west.  Most  of  this  section  is 
very  thinly  settled  and  little  prospecting  has  been  done  for  coal  except 
on  Indian  Creek,  where  there  is  an  unusually  thick  bed,  and  on  Fry- 
ingpan Creek  near  Bucu  post-office. 

Covncil. — A  coal  was  once  opened  about  20  feet  above  the  store  at 
Council,  on  the  head  of  Russell  Fork,  but  the  opening  is  caved  now. 
One-third  of  a  mile  above  Council,  beside  the  road  and  only  a  few 
feet  above  the  creek,  there  is  a  coal  bank  belonging  to  Isaac  J.  Hurt, 
where  coal  is  mined  regularly.  An  entry  has  been  driven  100  feet  N. 
10°  E.  slightly  up  the  rise  of  the  coal,  which  dips  northwest.  The 
bed  is  5^^  feet  thick  (1)*»  and  contains  2  inches  of  clay  and  30  to  3G 
inches  of  laminated  coal  in  the  middle.  It  has  a  sandstone  roof  and 
floor  (PL  VII,  B). 

The  term  "  laminated  "  used  in  this  paper  is  applied  to  coal  which 
is  crushed,  soft,  and  flaky,  which  slacks  readily  and  is  high  in  ash. 
*'  Rash  "  is  another  word  for  the  same  thing.  In  places  the  laminated 
coal  is  crumpled  and  has  many  smooth,  polished  surfaces.  The  evi- 
dence indicates  that  it  is  the  result  of  lateral  movement  in  the  inclos- 
ing rocks. 

A  few  rods  upstream  from  the  Hurt  coal  bank  the  sandstone  which 
iforms  the  floor  of  the  coal  is  seen  to  be  of  sugary  texture  and  finely 
^conglomeratic.  The  white  quartz  pebbles  and  the  general  rise  of  the 
:»*ocks  lead  to  the  conclusion  that  this  is  the  Lee  conglomerate.  If  so, 
^his  is  a  coal  not  elsewhere  described,  for  the  first  coal  bed  known 
^bove  the  Lee  conglomerate  in  Virginia  is  the  Jawbone,  which  is  de- 
scribed in  the  Bristol  folio  as  150  feet  above  the  Lee  conglomerate. 
^Vs  already  stated,  this  will  be  called  the  Tiller  coal. 

Below  Council  this  coal  is  higher  above  the  creek  and  the  conglom- 
erate is  conspicuous  and  abundant,  making  ledges  on  both  sidea»of 
t:he  stream.'  Noah  (t.  Ball  opened  the  coal  back  of  his  house  and  100 
:€eet  above  the  creek,  but  it  is  concealed  now.  The  thickness  is  re- 
Jjorted  as  7  feet.  About  100  yards  below  Ball's,  in  a  hollow  on  the 
•north,  there  is  a  prospect  which  shows  a  horizontal  shale  roof  and  5 
:*e«t  of  coal  with  bedding  highly  tilted.  Three-quarters  of  a  mile 
IdcIow  Ball's  the  ledges  of  Lee  conglomerate  disappear  and  shale  ap- 
pears at  the  same  elevation.  This  change  is  one-eighth  mile  above 
SSpencer  Ball's  and  is  attributed  to  a  fault.  Three  hundred  yards 
IdcIow  Spencer  Ball's  an  outcrop  in  the  road  shows  shale  standing 
•  learly  vertical  with  horizontal  shale  on  both  sides.  The  disturbance 
:Croni  the  original  position  of  the  beds  at  this  point  is  apparent.  The 
cionglomerate  appears  again  shortly  and  continues  to  the  mouth  of 
^Hurricane  Creek,  where  it  makes  a  conspicuous  ledge  70  feet  high. 

«  Figures  in  parentheses  correspond  to  locations  numbered  on  tiie  map  (PI.  V)  and  to 
T?oal  sections  numl>cred  on  accompanying  group  of  coal-section  figures.  A  letter  following 
tbe  figures  means  that  two  or  more  sections  were  measured  at  one  opening. 
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It  is  reported  that  coal  has  l)eeii  found  on  top  of  the  conglomerate  in 
a  hollow  near  the  mouth  of  Hurricane  Creek.  There  is  a  strong  dip 
to  the  rocks  down  Kussell  Fork  for  a  short  distance,  but  it  reverses, 
bringing  up  the  Ijce,  which  makes  a  cliff  at  the  mouth  of  Indian 
Creek. 

In  the  bank  of  Russell  Fork  at  the  north  end  of  a  suspension  bridge 
just  l>elow  the  mouth  of  Indian  Creek  there  is  a  t^2-inch  bed  of  coal 
under  a  100-f<K)t  ledge  of  sandstone  supi>osed  to  be  the  upix?r  part  of 
the  I^ee.  Fossils  found  in  the  roof  shale  were  too  poor  to  detenniue 
the  exact  stratigraphic  position  of  the  bed. 

I  ml  i  an  Crrck. — Ledges  of  heavy  sandstone  supposed  to  be  the  top 
of  the  Lee  conglomerate  are  exix)sed  on  Indian  Cn^ek  from  its  mouth 
to  at  least  a  mile  alM>ve  the  mouth  of  Caney  Fork  and  2  miles  above 
Duty  post-office,  on  the  main  fork  of  the  creek. 

Near  the  three  forks  of  the  right  fork  of  Indian  Creek,  on  J.  H. 
Mustek's  land,  and  200  feet  above  the  stream,  there  is  an  opening 
which  shows  a  coal  bed  12  feet  thick  containing  two  shale  partings 
w^hich  are  22  and  *\'\  inches  thick  (2).  This  section  Avas  obtained 
from  II.  Ilardawa}^  and  is  believed  to  represent  the  coal  which  lies 
on  top  of  the  Lee. 

Near  Doctor  Comb's  house,  on  the  left  fork  of  Indian  Creek,  there 
is  an  opening  on  the  left  side  of  tlie  creek  on  a  coal  bed  reported  by 
!Mr.  Ilanlaway  to  he  nearly  5  feet  tliick  (I)).  Only  4  feet  could  1h» 
seen  at  the  time  of  tlie  writer's  visil.  If  this  is  not  the  same  as  the 
Tiller  coal,  it  is  not  much  over  100  feet  above  it. 

On  the  \i\n  Sutherland  tract  at  tlie  head  of  the  right  fork  of  main 
Indian  Creek  tliere  is  an  oj)ening  wliich  exposes  a  bed,  supposed  to  lx> 
TilUn-  coal,  12  feet  .">  inclies  thick  (4).  The  thickest  parting  in  this 
b^l  is  18  inch(»s,  but  miu'li  of  tlie  (»oal  is  inferior.  The  shale  i^oof  is 
fossil iforous  and  shows  conccMitric  structure. 

In  Cane  (rap  an  ojxMiiug  driven  .*^0  feet  S.  10'^  W.  up  the  rise  shows 
th(*  Tiller  coal  1.")  feet  4  inches  thick  (."));  according  to  a  measurement 
by  Mr.  llanhiway.  Tlu»  bottom  ])art  of  this,  4  feet  10  inches  thick, 
is  tine  solid  coal  and  the  remaining  10  feet  contains  4  feet  of  clay  and 
shale.  In  the  first  hollow  south  of  Cane  (iap  and  just  over  the  ridge 
from  Sutherland's  tlu're  is  an  opening  close  to  Klijah  Uasnick's  houst* 
which,  according  to  Mr.  Ilanlaway.  is  driven  .")()  feet  S.  70"  K.  ami 
shows  a  bed  (>  feet  2  inches  thick  (<))  similar  to  the  lower  ])arl  of  the 
IumI  at  Cane  (ia|).  The  upper  part  of  the  bed  is  concealed.  Directly 
over  the  ridge  from  Kasnick's  on  Caney  Fork  drainage  a  drift  was 
once  run  -JO  feet  S.  2.*)'^  E.,  but  is  caved  now.  Only  (>  feet  1  inch  of 
the  lower  [)art  of  the  In^d  was  exposed  (7),  of  which  18  inches  is  curly 
and  flaky. 

At  the  head  of  the  left  fork  of  Caney  Fork  alM)ve  S.  J.  Tiller's 
house  this  coal  has  Ix^en  opened  in  several  places.     Near  the  head  of 
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the  fork  Iliram  I'iller  has  dug  into  the  outcrop  and  reports  the  bed 
13  feet  4  inches  thick ;  the  writer  saw  over  11  feet  of  coal,  but  the  bed 
may  not  have  been  entirely  exi)osed  (8).  In  the  woods  110  feet  above 
the  creek  an  oi)euing  was  made  to  ol)tain  fuel  for  a  locomotive  iij?ed 
in  logging.  A  '"  switch  back  ''  was  built  to  the  entrance  and  an  entn* 
driven  east  120  feet  on  the  coal.  The  bed  is  8  feet  thick  and  5J  feet 
of  it  was  mined  (J)).       * 

On  Canev  Fork  alwve  N.  B.  Sutherland's  house  this  be<l  has  a 
ihirkness  of  11  feet  (10)  and  is  not  heavily  burdeueil  with  shale  or 
day  partings.  Tliis  section  Avas  measui-ed  by  Mr.  Hardaway.  Ac- 
cording (o  his  classificaticm  it  ccmtains  20  inches  of  laminated  and 
rashy  coal  and  shale.  The  writer  did  not  see  the  I'oal  at  this  pc»int. 
but  presumes  the  laminated  coal  referred  to  is  a  bony  coal  and  that 
the  rash  is  a  soft,  crushed,  flaky  coal.  One-half  mile  l)elow  Suther- 
land's  on  the  right  of  the  creek  an  opening  about  100  feet  above  the 
water  has  been  driven  S.  45^  ¥,»  on  the  same  bed,  which  is  a  trifle  less 
than  8  fei»t  thick.  In  a  field  on  the  point  of  the  hill  on  the  left,  1 
mile  above  the  mouth  of  Caney  Fork,  the  David  Tiller  pit  driven 
west  down  the  dip  shows  the  coal  just  8  feet  thick  but  the  middle  3 
fwt  carries  *^  partings  which  aggregate  17  inches  of  shale. 

Just  Ik»1ow  the  forks  of  Caney  Fork  and  less  than  1  mile  alwve 
Indian  Creek  an  opening  on  the  west  of  the  stream  close  to  the  road 
is  reported  by  Mr.  Hardaway  to  have  shown  the  Tiller  coal  over  14 
feet  tliick  (U).  This  is  known  as  the  Pitzer  and  Lindsay  opening. 
When  visiteil  by  the  writer  this  pit  was  partly  caved  and  (mly  the 
nppei-  ])art  of  the  section  could  he  verified.  On  the  north  side  of  a 
hollow  which  joins  Caney  Fork  on  the  west  side  at  this  point  then' 
is  an  exj)()sure  at  water  level  of  ))0  inches  of  coal  under  a  sandstone 
roof.  Although  this  is  iK)  feet  lower  than  the  Pitzer  and  Lindsay 
opening  it  is  supposed  to  ])e  t]i(»  lop  bench  of  the  Siune  coal  brought 
to  water  level  by  a  strong  northwest  dip  which  is  apparent  at  the  last 
mentioned  (»\posiir(\<. 

8.  J.  Tiller  reports  that  a  4.\-foot  bed  of  coal  has  been  opened  in 
this  vicinity  iihont  100  feet  above  the  big  coal  bed,  but  it  is  nowheiv 
accessible  at  (he  present  time.  He  also  states  that  an  IS-inch  IkhI  has 
been  seen  at  water  level  n(»ar  the  mouth  of  Caney  F(frk.  It  was  not 
observed  by  the  writei*.  but  if  the  correlation  is  correct  this  would  U' 
the  same  as  the  ±J-inch  bed  at  the  mouth  of  In<lian  Creek.  Between 
the  mouth  of  Indian  Creek  and  Abners  Branch,  a  mile  below,  there 
is  a  coal  bloom  at  (he  highest  point  in  the  road  on  the  south  side  of 
the  creek.     Probably  it  is  an  unim])ortant  bed  of  small  thickness. 

J>('i. — The  rocks  rise  rapidly  up  Abners  Branch  and  it  is  possihle 
that  an  IS-inch  coal  bed  exposed  alxMit  T.")  yards  up  the  hollow  back 
of  Bee  may  be  the  same  as  that  just  mentioned.     At  John  BurrillV 
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in  the  gap  at  the  head  of  Abners  Branch  an  outcrop  shows  17  inches 
of  coal  under  20  inches  of  shale  and  a  sandstone  roof  (12). 

Murphy. — ^The  only  coal  seen  on  Russell  Fork  between  Abners 
Branch  and  Fryingpan  Creek  is  a  small  outcrop  on  Little  Pawpaw 
Creek  300  yards  above  Robertson's  house.  Here  15  inches  of  coar  is 
exposed  under  a  ledge  of  sandstone  close  to  water  level.  The  whole 
bed  may  not  have  been  seen.  On  the  opposite  side  of  the  branch  and 
a  few  rods  farther  up  there  once  was  an  opening  which  is  reported  to 
have  shown  3  feet  of  coal.  It  is  said  that  there  is  a  bed  exposed  3 
miles  up  Little  Pawpaw  Creek,  where  Charles  Green  gets  fuel  for  his 
sawmill.  Two  feet  of  coal  is  reported  back  of  Samuel  Deel's  house 
just  below  Murphy,  but  it  is  not  now  exposed. 

Fryingpan  Creek. — At  the  gap  between  the  heads  of  Fryingpan 
and  Indian  creeks  on  the  road  from  Carrie  post-office  to  Jeflf  Power's 
there  is  a  coal  4  feet  3  inches  thick  (13)  which  is  believed  to  be  the 
Upper  Banner.  This  conclusion  is  based  both  on  the  stratigraphic 
position  of  the  coal  and  on  the  presence  in  the  upper  part  of  the  bed 
>f  a  thin  band  of  sandstone,  which  is  a  distinguished  characteristic 
>f  the  Upper  Banner  bed.  It  is  reported  that  one-fourth  of  a  mile 
outhwest  of  Jeflf  Power's  house  the  same  coal  is  over  6  feet  thick,  but 
ontains  a  parting  of  clay  1  foot  thick  (14).  It  seems  from  the 
v^idence  in  the  two  sections  that  in  one  (13)  the  whole  thickness  of 
ti.^  bed  is  not  exposed  and  more  coal  will  be  found  in  the  floor. 

Jn  the  yard  at  Sutherland's  store,  at  Bucu,  coal  has  been  taken  from 
:x^  outcrop  of  a  32-inch  bed  (15)  lying  under  shale;  and  close  to  the 
3ad  on  Left  Fork  one-third  mile  above  Bucu  there  is  an  entry  driven 
"-  35°  W.  on  a  5-foot  bed,  another  coal  lying  a  little  higher  than 
^^  one  just  described,  under  heavy  sandstone.  The  coal  is  in  two 
sxiches  separated  by  10  inches  of  clay  (16).  The  rocks  seem  to  dip 
'^stward  in  this  vicinity,  and  it  is  possible  that  the  same  coal  has  been 
t>^ned  one-fourth  mile  below  Bucu  in  the  east  bank  near  Adolphus 
riser's  store  and  on  the  opposite  side  of  the  stream  at  Z.  T.  Suther- 
^i^d's. 

-An  opening  at  Riser's  shows  3  feet  10  inches  of  coal  with  only 
^^-half  inch  of  parting  (17).  Twenty-five  feet  above  it  20  inches 
f  coal  is  exposed.  On  the  opposite  side  of  the  creek  the  Sutherland 
^^^ning  shows  a  5-foot  10-inch  bed,  Avhich  is  peculiar  in  that  the  lower 
^eet  3  inches  is  a  mixture  of  clay  and  laminated  coal  standing  on 
*^;e.  From  10  to  15  inches  below  the  roof  there  is  a  foot  of  bony, 
'^^►shed,  slickensided  coal  (18).    This  may  be  the  Widow  Kennedy 

^Dne  mile  below  Bucu  there  is  an  opening  by  the  roadside  now 
^^^ly  caved,  which  has  a  roof  of  sandy  shale  that  shows  conchoidal 
"^^cture.     The  coal  is  disturbed,  being  particularly  curly  in  the  lower 
40858— BuU.  348—08 7 
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)art  of  the  bed,  which  is  reported  to  be  5  feet  7  inches  thick  (19). 
^ear  Harve  Power's,  farther  down  the  creek,  another  opening  by  the 
•oad  is  reported  on  the  same  bed  and  with  the  same  thickness  (20). 

The  Upper  Banner  coal  has  been  opened  in  the  head  of  the  hollow 
>ack  of  Harve  Power's,  not  far  from  Clement  V.  Rasnick's,  on  top 
>f  the  ridge  between  Fryingpan  and  Lick  creeks.  It  is  500  feet 
ligher  than  the  creek  at  Power's  house.  The  coal  is  exposed  in  a 
tO-foot  drift  on  the  farther  side  of  a  spur  300  yards  from  W.  G. 
lonaker's  house.  It  is  under  a  50-foot  ledge  of  sandstone  and  is 
»ver  6  feet  thick  (21).  On  the  other  side  of  the  same  branch  a  drift 
•un  20  feet  N.  80°  W.  down  the  dip  shows  the  Upper  Banner  coal 
)ed  nearly  7  feet  thick  (22),  according  to  a  measurement  by  Mr. 
lardaway.    Less  than  20  inches  of  the  bed  is  clay  or  bone. 

At  the  ford  just  below  CoUey  there  are  two  bands  of  coal  12  inches 
hick  separated  by  3  feet  of  sandstone  and  clay  (23).  The  bed  is 
>f  no  value  and  is  terminated  at  one  end  of  this  outcrop  by  a  fault, 
rhere  is  1  foot  of  coal  in  the  road  at  the  mouth  of  Priest  Fork. 

Lick  Creek. — Coal  exposures  are  few  on  Lick  Creek.  A  1-foot 
>ed  outcrops  in  the  cliff  one- fourth  mile  below  the  mouth  of  Dog 
Jranch,  and  a  pit  on  the  left  fork  of  Dog  Branch  one-half  mile  above 
jick  Creek  near  J.  W.  Self's  house  reveals  a  little  coal.  The  shale 
oof  at  this  point  is  regular  and  horizontal,  but  the  coal  is  in  irregular 
locks  or  gobs  mixed  with  contorted  clay.  Although  the  coal  has  been 
lined  along  the  crop  for  30  feet,  no  regular  bedded  coal  was  seen. 
''he  condition  of  the  bed  and  its  geologic  relations  suggest  that  this 
5  the  Widow  Kennedy  coal.  An  opening  at  creek  level  near  the 
ead  of  Beech  Branch,  at  John  Diel's,  is  on  the  Upper  Banner  coal. 
'he  bed  is  4  feet  thick  (24)  and  has  the  characteristic  sandstone 
arting. 

Birchleaf. — A  road  opening  on  Russell  Fork  near  Birchleaf,  one- 
ighth  mile  south  of  Dicks  Branch,  is  reported  to  have  shown  4  feet  of 
oal,  and  a  short  drift  at  T.  K.  CoUey's  at  the  mouth  of  Duty  Branch 
hows  about  4  feet  of  crushed  and  rolled  coal  under  a  roof  of  badly 
rushed  or  jointed  sandstone.  The  roof  is  so  treacherous  that  the 
it  is  not  kept  open.  Some  of  the  coal  has  slickensided  faces,  and  the 
/hole  appearance  suggests  the  Widow  Kennedy  bed.  The  dip  from 
he  mouth  of  Fryingpan  Creek  to  Dicks  Branch  is  downstream. 

Russell  Prator  Creek, — Russell  Prator  Creek,  which  enters  Russell 
Fork  opposite  McChire  Creek,  is  the  largest  of  the  eastern  tributaries, 
but  its  coal  resources  have  received  little  attention.  There  is  a  1-foot 
bed  in  the  road  above  Albert  Owen's  and  a  15-inch  bed  one-fourth 
mile  above  Prator,  on  the  left  fork.  C.  C.  Clevinger  reports  a  bed 
5  feet  10  inches  thick  in  the  top  of  the  mountain  1  mile  above  the 
mouth  of  Greenbrier  Fork.  At  the  head  of  War  Fork,  2J  miles 
above  Prator,  there  is  an  opening  in  the  hillside  opposite  and  130 
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feet  above  Larkin  Owens's  house  and  100  feet  below  the  top  of  the 
ridge.  It  has  been  driven  12  feet  S.  TO""  E.  up  the  rise  and  shows 
a  bed  (25)  4  feet  8  inches  thick  containing  only  one-half  inch  of 
clay.  This  coal  is  probably  less  than  200  feet  above  the  creek  at 
the  mouth  of  War  Fork  and  may  be  the  Upper  Banner.  W.  G. 
Raines  reports  that  a  5-foot  coal  with  no  partings  has  been  opened 
at  the  head  of  War  Fork  by  Isaac  Viers.  This  coal  is  caught  only 
in  the  knobs  on  top  of  the  ridge.  A  3-foot  bed  of  coal  is  reported 
near  the  head  of  the  left  fork  above  Prator. 

On  Greenbrier  Fork  of  Russell  Prator  there  are  some  small  open- 
ings by  the  roadside  a  short  distance  above  the  mouth  on  a  15-inch 
and  a  2-foot  bed  which  are  only  4  feet  apart.  On  the  east  of  Green- 
brier, 2  miles  above  the  mouth  and  400  feet  above  the  road,  Albert  and 
Wiley  O'Quinn  have  recently  run  a  drift  about  20  feet  in  a  south- 
westerly direction.  The  bed  is  over  5  feet  thick,  but  has  several  thin 
partings  (26). 

An  opening  on  Z.  T.  Raines's  land  at  the  head  of  Greenbrier  Fork 
shows  (27)  29  inches  of  coal,  and  two  small  openings  on  the  same  bed 
close  to  Joshua  O'Quinn's  house  show  about  2  feet  of  coal. 

Ilaysi, — In  the  road  a  few  rods  west  of  the  store  at  Haysi  a  2-foot 
coal  bed  dipping  north  at  an  angle  of  70°  indicates  a  fold  or  fault  at 
this  point.  The  exposure  is  in  front  of  a  house  occupied  by  Mr.  Gar- 
rett on  Mrs.  Winnie  Scyphers's  land.  In  a  ravine  beyond  the  house, 
under  a  strongly  jointed  sandstone  and  between  rocks  standing  verti- 
cal, there  is  an  outcrop  showing  15  inches  of  coal,  3  feet  of  fire  clay, 
and  at  least  1  foot  of  coal  below.  The  bed  dips  at  a  small  angle  and 
can  be  of  no  value  on  account  of  the  greatly  disturbed  condition  of 
the  rocks. 

At  the  head  of  the  first  west  branch  of  Russell  Fork  above  Pound 
River  is  a  small  excavation  from  which  Mrs.  Winnie  Scyphers  has 
taken  a  little  coal.  Six  inches  of  bone  and  2  feet  of  coal  (28)  com- 
l)()st»  the  l)ed  which  dips  strongly  toward  the  northwest.  One  going 
from  Haysi  finds  this  opening  in  the  first  field  on  the  right  of  the 
road,  beyond  the  woods  north  of  Mount  Olive  church.  Along  this 
road  to  the  mouth  of  Pound  River  several  coal  l)looms  are  seen,  and- 
one  striking  N.  20°  W.  crosses  the  road  with  a  vortical  dip. 

Ihirts  Lirl\ — On  the  road  from  the  mouth  of  McClure  Creek  t^^ 
Jane,  on  Hunts  Creek,  a  coal  l)loom  is  exposed  in  the  gap  at  the  top  c^^ 
the  ridge  between  Russell  Prator  Creek  and  Barts  Lick,  and  at  thr^^ 
points  within  150  feet  below  the  gap  on  the  north  side  of  the  ridg^* 
At  the  foot  of  the  steep  grade  in  the  bed  of  the  run  tributary  ^H 
ikrts  Lick  a  small  amount  of  coal  has  l>een  obtained  by  stripping 
1-foot  l)od  in  the  road.  One  mile  up  Barts  Lick  from  where  the  roa^^ 
going  north  leaves  the  main  stream  a  2-foot  coal  bed  (29)  occurs  ^b# 
he  mouth  of  the  first  right  hollow  below  the  splash  dam,  in  a  pit  ^^ 
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feet  above  the  branch  and  300  yards  below  Dr.  J.  W.  Wright's  house. 
It  also  shows  in  the  bed  of  the  branch  close  to  the  house.  In  1906 
coal  was  being  mined  at  this  place  for  use  in  a  sawmill.  At  the  crook 
of  the  road  on  the  right  fork  of  Camp  Branch  there  is  an  opening  on 
a  coal  bed  nearly  5  feet  thick  (30)  which  has  a  12-inch  clay  parting. 
The  dip  is  strong  to  the  east.  This  coal  is  not  over  100  feet  above  the 
Ijee  conglomerate  which  shows  in  the  branch  below  the  forks,  and 
may  possibly  be  the  Tiller  coal. 

Ghrassy  Creek, — On  Hunts  Creek,  the  main  fork  of  Grassy  Creek, 

there  is  an  opening  by  the  roadside  2  miles  above  Jane,  on  the  road 

to  Grundy,  which  shows  2  feet  10  inches  of  coal  with  a  shale  roof  and 

fisandstone  floor.    A  drift  has  been  driven  15  feet  down  the  dip  which 

J  s  toward  the  southeast.     Half  a  mile  farther  the  same  coal  has  been 

€3pened  in  two  places  close  together.    These  are  caved   now,  but 

2xppear  to  have  exposed  between  2  and  3  feet  of  coal.    On  the  south 

of  Hunts  Creek,  one-half  mile  below  the  gap  leading  to  Bull  Creek, 

t:liere  is  a  timbered  opening  on  the  Yellow  Poplar  Company's  land 

<1  riven  south  10  feet  which  shows  4  feet  1  inch  of  coal  with  one-half 

i  unch  of  clay  5  inches  from  the  top  of  the  bed.    This  opening  is  di- 

x*^tly  across  the  creek  from  a  rocky  ledge  in  the  road.    In  a  sag 

c^Xose  to  this  ledge  and  30  feet  above  the  road  this  coal  was  opened 

cz^xice,  but  is  now  concealed. 

On  the  branch  which  joins  Hunts  Creek  from  the  east  at  Jane  three 
c^X3enings  were  seen.  The  first  of  these  is  about  one-third  mile  above 
t^sine,in  the  hill  on  the  left  of  the  creek  back  of  Tom  L.  Owens's  house, 
r^  is  200  feet  above  the  creek  and  is  being  worked  by  a  drift  which 
iBi^Kij  been  driven  north  20  feet.  The  bed  (31)  is  2  feet  11  inches 
1 1^  ick  and  contains  a  7-inch  clay  parting.  On  the  same  side  of  the 
c:»T'^ek  1\  miles  from  Jane,  on  the  K.  Silas  Stiltner  farm,  there  is  an 
o  f>ening  back  of  the  house  and  50  feet  above  the  creek  showing  a  2- 
f<:>ot  bed  of  coal  with  two  thin  partings  (32). 

About  1  mile  above  Jane,  on  Noah  MuUins's  land,  there  is  a  pit  in 
ft  liollow  on  the  south  from  which  coal  is  taken  every  winter.  It  has 
Ixi^n  driven  30  feet  in  a  southwest  direction  and  shows  from  28  to  30 
^^^C!hes  of  coal  with  shale  roof  and  fire-clay  floor.  On  the  east  of  Abes 
^xz^rk  of  Grassy  Creek,  in  Old  House  Branch,  the  Yellow  Poplar 
Company  made  three  openings  on  -a  bed  1,270  feet  above  sea  level. 
-^^  one  opening  the  bed  is  4  feet  2  inches  thick  with  a  7-inch  clay  band 
^^«r  the  bottom,  and  at  another  it  is  reported  to  be  5  feet  thick  with 
**^^  same  clay  parting.  An  opening  on  the  left  of  Old  House  Branch 
^*^ows  the  same  bed  over  6  feet  thick  (33)  at  the  face  of  the  drift. 
^^Ikich  is  1  foot  more  than  at  the  outcrop.  These  openings  are  very 
^*Ose  to  the  Pine  Mountain  fault  and  within  a  few  rods  of  the  State 
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m'clure  creek. 

McClure  Creek  heads  against  Sandy  Ridge  between  Carrie  and 
Fuller  Gap,  and  flows  north  and  east  to  join  Russell  Fork  3  miles 
above  the  mouth  of  Pound  River.  The  occurrence  of  coal  prospects 
in  this  basin  will  be  described  in  geographic  order  from  the  head  of 
the  creek  to  the  mouth. 

Trammel  Creek. — At  the  head  of  Trammel  Cre^k  a  drift  driven  20 
feet  S.  15°  E.  at  the  bend  of  the  road  275  feet  below  Trammel  Gap, 
on  the  Brooks  farm,  shows  the  Upi)er  Banner  coal  (34)  4  feet  11 
inches  thick.  The  sandstone  parting  is  21  inches  below  the  roof  and 
is  practically  the  only  part  of  the  bed  that  is  waste  material.  The 
section  is  the  same  in  the  mine  of  the  Clinchfield  Coal  Corporation 
at  the  head  of  Lick  Creek  on  the  other  side  of  the  ridge.  This  mine, 
known  as  No.  3,  is  situated  on  a  tract  of  land  lying  under  Low  Gap 
and  eventually  it  may  be  extended  through  to  the  north  side  of  the 
ridge  for  natural  drainage. 

The  Lower  Banner  coal  has  been  opened  in  Trammel  Creek,  on 
Laban  Phillips's  place,  to  get  coal  for  a  steam  engine  used  in  diamond 
drilling.  The  drift  extends  a  distance  of  30  feet  S.  20°  E.  and  shows 
4  feet  of  coal  underlain  by  3  inches  of  clay  and  4  inches  of  bone.  In 
the  Clinchfield  mine  No.  2  at  Dante  on  the  other  side  of  the  ridge  the 
average  thickness  of  the  Lower  I^anner  coal  is  about  3i  feet. 

A  pit  opposite  the  schoolhouse  near  the  mouth  of  Trammel  Creek 
shows  the  Widow  Kennedy  coal  7  feet  thick,  but  decreasing  rapidly 
with  depth.  A  diamond-drill  hole  150  feet  awa}^  sliowed  only  1  foot 
of  coal  at  this  horizon. 

II(rm(i(h\ — Back  of  the  post-office  and  store  at  Homade  on  the  head 
of  McChire  Creek  Reul)en  Owens  has  faced  up  a  coal  IhmI,  which  prob- 
ably is  tlie  Lower  Banner.  The  north- 
35  41  west  dip  makes  the  l)ed  lower  here  than 

^H^m^^"'  &"yc"^T?    ^^    *'^^    ^o^^^h    side    of    Sandy    Ridge. 

^j^'^    Nearly  4  feet  of  solid  coal  was  visible, 
5S3'^      but  the  'floor  was  hidden  so  that  the 


'*"  P^^''  whole  bed  was  not  measured  (35).  A 
small  coal  seen  in  the  road  farther  up- 
stream, and  100  feet  higher  than  this 
exposure,  is  also  believed  to  Ix*  the 
Lower  Banner.  Blooms*  of  two  other 
coals  were  seen  higher  in  the  ridge  at 
250  and  450  feet  below  the  gap.     The 

Fig.   18.— Lower   Banner  coal   on  i         a*  j?     t^t    ^     r^ 

McClure  Creek.  clevatiou    of    r  Imt    Gap    IS    approxi- 

nuitely  2,750  feet,  or  1,000  feet  higher 

than  the  mouth  of  Trammel  Creek.     Trammel  Gap  is  2,533  feet  above 

.sea  level. 

The  indow  Kennedy  coal  wa?>  owee  o\x'i\ed  in  the  north  hillside  at 

the  mouth  of  Roaring  Fork  r>0  ieirl  ^\>o\q  \N^\.^\,\^\\V>i^^^\\,\^^^ed 
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and  nothing  was  learned  of  the  character  of  the  bed.    No  openings 
were  seen  between  Soaring  Fork  and  Open  Fork. 

Open  Fork. — The  Grissell  opening  (36)  at  the  head  of  Open 
Fork  and  on  the  opposite  side  of  Sandy  Ridge  from  Big  Laurel 
Branch  of  Lick  Creek  shows  the  Upper  Banner  coal  nearly  7  feet 
thick.  Four  feet  of  this  bed  is  good  available  coal,  leaving  8  inches 
(*f  fire  clay  and  11  inches  of  coal  in  the  floor,  and  3  inches  of  coal  over 
7  inches  of  shale  in  the  roof. 

The  Milton  Carico  opening  (37)  on  the  Upper  Banner  at  the 
/lead  of  Middle  Fork  shows  the  bed  divided  by  the  same  partings 
as  at  Grissell's,  but  the  total  thickness  of  the  bed  is  less.  At  the  out- 
crop it  measures  6  feet  3  inches  and  at  the  face  of  the  drift  6  feet  5 
incjhes.  The  graphic  section  was  measured  by  Mr.  Hardaway  at  the 
facse.  An  opening  three- fourths  mile  above  this,  on  the  right  of  the 
stxream,  shows  the  Upper  Banner  less  than  5  feet  thick,  but  there  is 
le^ss  waste  in  the  bed. 

-An  opening  (38)  on  Coon  Branch  of  Open  Fork  at  Rasnick's, 
ac^<x)rding  to  Mr.  Hardaway,  shows  the  Upper  Banner  coal  over  9 
i^i^t  thick,  but  containing  a  35-inch  clay  and  shale  bed  41  inches  from 
tl:^^  floor.  The  Lower  Banner,  exposed  near  Mr.  Rasnick's  house, 
is  ^  feet  thick,  but  has  2^  feet  of  fire  clay  in  the  middle  of  the  bed. 
T*l:^e  Widow  Kennedy  coal  is  reported  from  3  to  5  feet  thick  near  the 
"^<^uth  of  Middle  Fork.  At  Rasnick  mill,  on  McClure  Creek  below 
^^^^  mouth  of  Open  Fork,  there  are  three  openings  on  the  Widow 
Kl^nnedy  coal  about  75  feet  above  the  road.  The  bed  is  in  the  midst 
^^  heavy  sandstone  and  is  G  feet  thick,  but  is  so  badly  mashed  and 
^^i^torted  as  to  be  of  questionable  value.  Jointing  is  conspicuous  in 
^^^  roof  sandstone. 

<Janey  Creek. — At  the  head  of  Caney  Creek,  close  under  Gibson 

^^p,  the  Upper  Banner  coal  has  been  prospected  by  a  drift  100  feet 

lo:ng  at  Alec  Odle's.    The  bed  at  the  outcrop  (39)   is  8  feet  thick 

^^^•^<i  at  the  face  of  the  drift  (39  a)  8  feet  10  inches  thick.    It  con- 

^ijis  a  number  of  very  thin  partings.    On  Samuel  Horn's  land,  on 

^^:mispring  Branch,  the  Upper  Banner  carries  the  same  number 

^^     thin  partings  and  is  7  feet  5  inches  thick   (40).     At  a  disbuice 

^^     50  feet  this  bed  shows  3  partings  aggregating  nearly  2  feet  in 

^'^ickness  (40  a).    The  Lower  Banner  (?)  coal  as  seen  in  the  stream 

jr^:iik  at  the  mouth  of  Ilomspring  Branch  (41)   is  21  inches  thick. 

^  4^ese  sections  on  Caney  Creek  were  kindly  furnished  by  Mr.  Harda- 

^.y.    Probably  other  openings  have  been  made  on  this  creek,  for 

^^^  is  reported  on  Rock  House  Branch,  but  none  was  seen. 

On  McClure  Creek  1  mile  above  the  mouth  of  Caney  Creek  25 

^.^^hes  of  coal  is  exposed  in  an  old  opening  close  to  the  road,  and  at 

^^^'^orge  Dyer's,  one-fourth  mile  above  Caney  Creek,  there  are  two 

innings  on  the  same  bed,  one  of  which  is  caved.    An  entry  driven  40 
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*t  down  the  dip  is  filled  with  water,  and  the  thickness  of  the  bed 
jld  not  be  determined,  but  it  appeared  to  be  about  5  feet.  This 
ly  be  the  Widow  Kennedy  coal. 

Squirrelcamp  Branch, — Just  below  the  forks  of  Squirrelcamp 
BDch  on  the  right  of  the  stream,  near  a  house,  and  120  feet  above 
B  water,  there  is  a  15-foot  entry  (42)  on  the  Upper  Banner 
al.  The  bed,  which  dips  S.  35°  E.  at  an  angle  of  6°,  is  6  feet  9 
ches  thick,  including  15  inches  of  shale  near  the  top.  On  the  right 
the  left  branch  one-eighth  mile  above  the  forks  the  Upper  Banner 
divided  by  the  same  number  of  small  partings  and  one  thick 
le  (43),  while  on  the  left  of  the  branch  (44)  the  bed  is  in  the 
me  condition,  except  that  the  top  bench  of  coal  and  the  thick  part- 
g  are  wanting.  At  the  head  of  Squirrelcamp  Branch  on  the  left 
■  the  stream  and  100  yards  below  a  house  the  Upper  Banner  coal  is 
feet  4  inches  thick  (45),  and  one- fourth  mile  below  this  on  the 
Dve  Stanley  tract  on  the  right  of  the  creek  and  just  above  the  road 
measures  4  feet  8  inches  (46).  It  is  possible  that  prospecting  in 
^  roof  will  show  another  bench  of  coal  here  just  as  at  the  forks. 
On  the  east  of  McClure  Creek  one-half  mile  below  Squirrelcamp 
ntnch  at  the  lower  end  of  the  W.  J.  Ring  tract  the  Upper  Banner 
al  is  over  7  feet  thick,  a  16-inch  bench  of  coal  occurring  in  the  roof 
7).  On  the  west  of  McClure  Creek,  opposite  the  first  bend  one- 
tirth  mile  below  Squirrelcamp  Branch  (48),  this  bed  is  4  feet  8 
ches  thick.  The  section  includes  only  8  inches  of  coal  above  the 
ndstone  parting.  At  the  head  of  a  hollow  on  the  Ring  tract  there 
e  two  openings,  in  one  of  which  the  Upper  Banner  is  4  feet  10 
ches  and  in  the  other  5  feet  5  inches  thick.  These  sections  resemble 
ty  closely  the  measurements  of  the  Upper  Banner  on  Squirrelcamp 
•anch. 

^ill  Creek. — In  the  vicinity  of  Mill  Creek  the  Upper  Banner  coal 
s  been  prospected  extensively  and  several  sections  have  been 
tained  showing  the  character  of  the  bed  in  detail.  Most  of  the 
-asurements  are  by  Mr.  Hardaway. 

On  the  northwest  bank  of  McClure  Creek  three-fourths  mile  up- 
^m  from  Mill  Creek  and  200  feet  above  water  level  the  Upper 
nner  is  5  feet  3  inches  thick  (49),  with  three  thin  partings. 
I  the  opposite  side  of  McClure  Creek,  at  the  bend  1  mile  above 
U  Creek,  there  is  another  prospect,  but  the  thickness  of  the  coal 
s  not  learned. 

^n  opening  opposite  the  mouth  of  Mill  Creek  190  feet  above  the 
ter  (50)  has  been  driven  a  distance  of  30  feet  N.  70°  W.  The 
1  is  5  feet  7  inches  thick  and  is  divided  by  three  partings  aggregat- 
r  4  inches.  The  Lower  Banner  should  be  about  75  feet  below,  but 
5  not  been  opened. 
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The  Upper  Banner  coal  on  House  Fork  of  Mill  Creek  is  5  feet  8  to 
10  inches  thick,  having  the  usual  three  thin  partings  found  in  this 
region,  which  aggregate  less  than  6  inches  of  waste.  These  features 
are  shown  by  three  openings,  one  at  the  head  of  the  fork  and  two  on 
the  left  of  the  stream. 

On  Toms  Fork  of  Mill  Creek  the  Upper  Banner  was  measured  by 
the  writer  in  a  15- foot  drift  just  above  Eli  Wright's  place  (51). 
The  coal  is  under  a  40-foot  sandstone,  is  5  feet  4  inches  thick,  and 
shows  a  persistence  of  the  three  thin  partings  in  this  vicinity.  An 
opening  opposite  Wright's  house,  measured  by  Mr.  Hardaway,  dupli- 
cates this  section  within  an  inch  or  two. 

A  prospect  on  Sykes's  land,  one-fourth  mile  below  Low  Gap 
Branch  on  the  east  of  McClure  Creek,  260  feet  above  the  water, 
shows  the  Upper  Banner  6  feet  thick  (52).  This  coal  has  prac- 
tically the  same  section  on  the  Floyd  Viers  tract;  the  appearance  of 
the  bed  is  shown  in  PL  VII,  A  (p.  92),  from  a  photograph  furnished 
by  Mr.  Hardaway.  Two  pits  near  the  head  of  Low  Gap  Branch  re- 
vealed the  same  bed  5  feet  2  inches  thick.  One  of  these  pits  (53) 
was  driven  GO  feet,  and  supplied  coal  to  the  neighborhood.  So  far 
as  learned  there  are  no  coal  openings  on  the  lower  5  miles  of  McClure 
Creek. 

CRANKS   NEST  RIVER. 


P^xtensive  prospecting  at  the  head  of  Cranes  Nest  River  shows 
the  cliaracter  and  position  of  tlie  Upper  Banner  coal  on  Steele  Forlo^ 
and  Trace  Fork.  The  writer  did  not  visit  this  section  and  ihc:^ 
measurements  are  all  by  Mr.  Hardaway. 

Stfdc  Folk. — On  the  west  side  of  Steele  Fork  there  are  five  open 

in<rs,   l)e<i:innin^  one-half   mile   above   the   mouth,   which   show  tli       ^ 
Tpper  Banner  varying  from  1  foot  .">  inches  to  2  feet  7  inches  i  ^^ 
thickness.     It  seems  likely  that  the  bed  is  split  and  only  ihe^  low^r 
portion  was  found,  for  in  an  open  in  of  1]  miles  from  the  mouth  ^~^i 
the  fork   (54)   the  bed  is  J)  feet  4  inches  thick,  but  carries  5  feet     ^ 
inches  of  shale  and  clay  in  two  ])artings. 

At  the  head  of  Steele  Fork  the  Tapper  Banner  is  exposed  in  thrc^ 
oj)enin<rs,  havin<j:  a  lower  l)ench  of  eoal  fnmi  15  to  20  inches  thi^^'^ 
and  an  uj)per  bench  from  11)  to  22  inclies  thick  separated  by  1  inch 
of  sandstone.  Three  ()penin<i:s  near  Boatwri^ht's  house,  which  ^^ 
on  the  west  side  of  Steele  Fork  2^  miles  above  the  mouth,  sb^^^ 
(55)  practically  the  same  division  and  thickness  of  the  bed,  but  op^^" 
in<rs  one-half  and  1  mile  below  Boatwri^rlit's  show  the  bed  with  ^^^' 
creased  thickness  due  to  the  addition  of  several  inches  of  carbo^^" 
ceous  shale  and  9  inches  of  coal  to  the  top  of  the  bed  (56). 

Trace  Forl\ — Openings  made  at  short  distances  from  Fuller  G^V 
to  the  mouth  of  Trace  Fork  show  the  character  of  the  Upper  Bann^^ 
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coal.     At  the  head  of  the  creek,  where  the  coal  is  at  water  level,  the 
bed  is  3  feet  2  inches  thick  and  contains  1  inch  of  fire  clay  and  1^ 
uiches  of  sandstone.   -At  places  a  little  farther  downstream  it  meas- 
ures 3  feet  4  inches,  3  feet  9  inches,  and  4  feet,  and  in  each  place 
W  1  inch  of  sandstone  12  to  18  inches  from  the  top.     At  John 
Wge's  house,  which  is  IJ  miles  above  the  mouth  of  the  fork,  the 
Upper  Banner  coal  is  35  inches  thick  on  the  right  and  26  inches  thick 
on  the  east  of  the  creek  (57).    At  Harrison  Adkins's  27  inches  is 
exposed  and  one-fourth  mile  farther  downstream,  on  the  east,  the 
bed  is  5  feet  thick.     In  the  latter  place  the  increased  thickness  is 
due  to  the  presence  of  a  21 -inch  seam  of  coal  separated  from  the  main 
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Fig.  20. — Upper  Banner  coal,  head  of  Cranes  Nest  River. 

^^  by  11  inches  of  fire  clay  (58).     Whether  this  is  a  local  devel- 
i^^ent  or  a  case  of  more  thorough  prospecting  is  not  known.     It 
^^y  be  the  former  because  in  an  opening  reported  to  be  up  the  hollow 
ow  the  fan  house  of  the  Cranes  Xest  mine,  on  the  head  of  Trace 


^1, 


P  ^i^k,  a  bed  measuring  7  feet  1  inch  (59)  diminishes  to  about  3 
^^^t  in  a  drift  300  feet  long  by  the  disappearance  of  the  bottom  fire 
"*^^y  and  coal. 

^  On  the  Wilson  Adkins  tract,  one-fourth  mile  below  the  mouth  of 
f  *^le  Fork,  an  opening  on  the  east  of  Cranes  Nest  River  reveals  4 
^^^t  5  inches  of  coal  separated  into  two  benches  by  8  inches  of  fire 
"^^y.  This  is  reported  to  be  near  the  horizon  of  the  Upper  Banner, 
^t  it  does  not  show  the  usual  sandstone  parting. 
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Birrhfeld  Fork. — So  far  as  learned  there  has  been  but  little  pros- 
pecting on  Birchfield  Fork,     llie  only  opening  reported  is  on  Henn' 
Pluminer's  land  in  a  hollow  on  the  east  of  the  fork  2  miles  above  the 
mouth.     In  this  pit,  according  to  measurements  by  Charles  Adding- 
ton,  the  thickness  of  the  Upper  Banner  varies  from  5  feet  1  inch 
(60)   to  5  feet  10  inches  (COa).    The  increase  in  thickness  is  due 
largely  to  a  band  of  shale  which  swells  from  12  to  22  inches.    In  the 
mine  at  Glamorgan,  which  is  on  the  opposite  side  of  the  ridge  fror* 
the  head  of  Birchfield  Fork,  the  bed  averages  4  feet  4  inches  thicl 
and  contains  two  very  thin  partings,  but  the  writer  did  not  \Yvr 
opportunity  to  attempt  a  correlation  with  any  of  the  coals  of  Dickers 
son  County. 

Lick  Fork. — About  2  miles  above  the  mouth  of  Lick  Fork  and  4CZ! 
feet  liiglier  than  Jim  Robinson's  house  a  prospect  (61)  shows  tfc: 
Clint  wood  coal  nearly  13  feet  thick.  In  addition  to  the  remarkaW 
thickness,  according  to  Mr.  Hardaway,  this  bed  is  noteworthy  f^ 
containing  only  7  inches  of  shale  or  other  partings.  Isom  Mulli:s 
opcMied  this  coal  at  the  head  of  Lick  Fork  (62)  and  found  tTi 
bed  nearly  10  feet  thick  with  3  inches  of  partings.  At  the  time 
was  visited  in  1900  the  opening  was  partly  caved,  and  only  4  feet  * 
coal  was  visible.  In  a  field  above  this  on  the  east  of  Lick  Fork  iTM 
bed  is  10  feet  7  inclies  thick  with  5  inches  of  shale  in  three  partin.  a 
(()*5).     The  prevailing  dip  is  northwest. 

C/lntirood, — Carload  samples  of  the  Clint  wood  coal  have  be^^ 
shij)i)e(l  from  the  Beverley  opening  (()4)  to  test  the  coking  qu£z  ^ 
ity.  This  opening  is  on  Honey  camp  Branch,  a  small  tributary  ^ 
Cranes  Xest  River  south  of  Clintwood,  and  the  coal  is  reported  fc- 
II.  W.  Reitz  to  be  0  feet  9  inches  tliick  without  partings.  At  t^S 
liead  of  Keel  Branch  prospects  made  by  Henry  Keel  show  this  bed 
he  10  feet  4  inches  thick  (r>r))  in  the  opening  at  the  edge  of  the  woo^ 
and  H  feet  7  inches  thick  ((>(>)  at  the  field  opening.  An  entry  has  be^ 
driven  100  feet,  but  the  roof  is  weak  and  requires  heavy  timberiiB^  . 

The  Jolin  Lane  opening,  on   Holly  Creek  one-half  mile  west    ^ 
Clin(w(K)(l,  has  an  entry  about  *250  feet  long,  and  shows  4  feet  6  inclm  ^ 
of  coal  at  the  face.     A  combination  of  the  upper  part  of  the  bed  i* 
seen  at  Lane's  and  the  lower  j)art  as  shown  at  Vanover's,  on  the  opp^" 
site  side  of  the*  creek,  according  to  Mr.   Hardaway,  gives  a  tot^'^ 
thickness  (r>T)  of  10  feet.     It  does  not  pay  to  remove  the  20-inch  firt* 
clay  to  get  the  lower  benches  of  coal.     The  same  bed  at  the  Joe  Glenfl 
opening,  near  by,  is  re[)()rted  to  be  ()  feet  thick  with  a  4-inch  parting 
Vf\  inches  above  i\w  floor.     Two  entries  on  the  Clintwood  coal  just 
south  of  the  village  and  150  feet  above  Holly  Creek  are  caved,  and 
the  sections  were  not  ol)tained.     The  l)ed  is  said  to  be  of  the  same 
tliickness  as  at  the  Lane  opening. 
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V.  considerable  part  of  the  coal  used  at  Clintwood  for  domestic 
rposes  is  supplied  by  a  small  mine  at  the  head  of  Long  Branch 
ned  by  R.  E.  Chase  and  J.  K.  Damron.  The  opening  i^  on  the 
ntwood  coal,  which  is  above  the  Gladeville  sandstone,  and  at  this 
nt  about  1,960  feet  above  tide.  An  entry  has  been  driven  over  l50 
t  on  a  bed  reported  to  be  6  feet  3  inches  thick  (68).    Only  the 
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Fio.  21. — Clintwood  coal  on  branches  of  Cranes  Nest  River. 

per  bench  is  mined.     This  is  4  feet  4  inches  of  solid  coal.     A  sam- 
of  this  coal  was  taken  by  C.  W.  Dodge  for  analysis,  and  the  result 
jiven  in  the  table  on  page  119. 

The  Upper  Banner  coal  has  been  opened  at  a  number  of  points  be- 
jen  Honeycamp  Branch  and  the  mouth  of  Cranes  Nest  River.  On 
!  south  of  Cranes  Nest,  one-fourth  mile  above  Keel  Branch,  on 
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Pres.  Flemings's  land,  the  bed  is  6  feet  11  indieB  thkk  (09),  with 
10  inches  of  fire  day  near  the  bottom,  and  one-foorth  mile  above 
this  it  is  6  feet  4  inches  thick  with  8  inches  of  flhale  near  the  top  (70). 
Near  the  latter  point  the  Lower  Banner  coal  has  a  thidmww  of  S  feet 
finches  with  a  streak  of  shale  in  the  middle  (71). 

At  R  6.  Baker%  above  the  month  of  Camp  Greek,  an  opening  100 
feet  above  the  water  shows  at  least  2  feet  of  coal  (72).  Hie  bottmi 
of  the  bed  was  hidden,  so  the  entire  thickness  was  not  determiwA 
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Fio.  22. — Coals  on  Cranes  Nt»Ht  Ilivor. 

On  the  same  side  of  the  river  below  the  mouth  of  Long  Branch  a  b^ 
(78)  a  little  over  2  feet  thick  has  been  opened  by  R.  D.  Rush  for 
domestic  use. 

The  Upper  Banner  coal,  according  to  Mr.  Hardaway,  has  a  thi<4- 
ness  of  3  fwt  4  inches  (74)  on  Holly  Creek,  and  3  feet  10  inches 
(75)  on  Chase's  land  in  Bartley  Branch,  which  is  the  next  brandi 
below  Holly  on  the  same  side  of  Cranes  Nest  River.    Another  opemng 
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tn  the  north  of  Cranes  Nest  above  Levi  BartleyX  house,  which  is 
ibove  the  mouth  of  Bartley  Branch,  is  said  to  show  the  Upper  Banner 
oal  4  feet  6  inches  thick  (76),  and  an  opening  on  the  Cochran 
iroperty,  one-half  mile  above  the  last,  shows  4  feet  5  inches  (77). 

DelaneyU  milL — The  Upper  Banner  coal  has  been  prospected  at  a 
lumber  of  points  near  Delaney's  mill  on  Cranes  Nest  River  below 
[)wale.  One  of  these,  in  a  small  watercourse  close  beside  the  trail 
rhich  leaves  the  river  about  one- fourth  mile  above  the  mill,  is  under  a 
andstone  ledge  and  has  over  4  feet  of  coal  (78)  with  only  a  thin 
andy  parting.  Another  is  180  feet  above  the  river  at  C.  G.  Rakes's, 
he  next  house  below  Delaney's.  This  bed,  as  measured  by  the  writer. 
5  4  feet  9  inches  thick  and  has  8  inches  of  waste  (79).  Openings 
•n  Sugarcamp  Branch  opposite  the  mill  and  in  the  hill  on  the  left  of 
he  river  opposite  Delaney's  house  have  caved,  but  are  reported  to 
lave  shown  the  Upper  Banner  coal  4  feet  thick  with  the  usual  thin 
andstone  parting  and  two  or  three  one- fourth-inch  shale  bands.  It  is 
aid  to  be  4  feet  1  inch  thick  on  Honey  Branch  above  J.  F.  New- 
erry's,  and  5  feet  3  inches  (80)  at  the  head  of  Tarpon  Branch 
ne-half  mile  below  Low  Gap.  At  this  point,  according  to  Mr.  Harda- 
VRjj  there  is  an  extra  parting  of  2  inches  of  fire  clay  27  inches  above 
he  floor.  No  prospects  were  heard  of  below  Tarpon  Branch  on 
>anes  Nest  River. 

The  above  notes  show  an  average  thickness  of  4  feet  for  the  Upper 
3anner  coal  on  Cranes  Nest  River  below  Clintwood.  It  is  a  good 
dining  proposition,  because  the  coal  is  high  grade  and  the  amount 
•f  waste  in  partings  is  small.  The  bed  is  100  to  300  feet  above  the 
iver  and  has  a  gentle  dip  to  the  northwest. 

POUND   RIVER. 

Pound  River  heads  at  Black  Mountain  and  flows  northeast  25  miles 
o  join  Russell  Fork.  Its  course  is  parallel  with  Pine  Mountain,  but 
ts  length  is  greatly  increased  by  loops  and  bends.  Prospects  for  coal 
ire  more  numerous  on  Indian  Creek,  Bowlecamp  Creek,  and  Georges 
?ork  than  elsewhere  on  Pound  River  or  its  tributaries. 

South  Fork. — Reuben  Bowling  has  taken  coal  from  the  bank  of 
5outh  Fork  about  1^  miles  below  the  source  or  one- fourth  mile  above 
:he  road  to  Flat  Gap.  The  bed  (81)  is  over  4  feet  thick,  but  con- 
tains a  10-inch  clay  parting.  Two  drifts  have  been  driven  25  feet 
S.  30°  E.  This  bed  is  said  to  have  been  opened  at  one  or  two  other 
places  in  the  vicinity.  Good  coal  is  reported  on  C.  F.  Robinet's  land, 
in  the  hollow  below  the  road  forks  leading  to  Flat  Gap,  and  an  18- 
inch  coal  is  exposed  in  the  road  near  the  forks.  On  G.  W.  Hilton's 
land,  at  the  mouth  of  Fox  Gap  Hollow,  there  is  28  inches  of  coal  in 
a  pit  dug  in  the  hillside  across  the  road  from  his  house.     Coal  blooms 
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were  seen  near  Bond  Mill  and  it  is  reported  that  2  feet  of  coal  has 
been  found  on  John  Stedman's  land  and  was  once  stripped  below  the 
milldam. 

Farther  down  South  Fork  a  2-foot  bed  of  coal  shows  in  the  road, 
and  in  the  creek  bluff  close  under  the  road  at  the  upper  en4  of  Thurs- 
ton Banner's  land  there  are  two  coal  beds  10  or  15  feet  apart  The 
lower  one  is  almost  at  water  level  and  shows  23  inches  of  coal,  and 


81 
R.  Bowling 
South  Fork 


82 
T.  Banner 
South  Fork 


83 

M.  Gilliam 

Pound 


84 

E.  M.  Sowards 

Pound 


85, 
Tidewater  Co. 
Indian  Creek 


CUyi 


86 

Blair 

Indian  Creek 


Bonel 


87  ^  ^^  Ao 

Blj^ir  Alec  Powers         JohnBoggs  92 

Indian  Creek   Bowlecamp  Creek  Bowlecamp Creek  Mc  Mis  Fork 


152" 


JS" 


93 
Grant  Meade 
Hamilton  Fork 
MClay 


98 

John  Trivitt 

Freeling 

I^Clay  5 


99 
J.  H.  Artrip 
Dwale  P.  0. 


100 

J.  Sy^herd 

2  miles  above  mouth 

of  Pound  River 


L=3Fire  clay 


Clay 


123 

iciayli" 

111" 


Via.  2^. — Coals  on  Pound  River  and  its  branches. 
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the  upper  one  (82)  is  2  feet  3  inches  thick.  Opposite  Thurston 
Banner's  house  there  is  a  prospect  which,  he  reports,  disclosed  23J 
inches  of  coal.  The  coals  from  Bond  Mill  to  Banner's  rest  on  a  mas- 
sive sandstone  and  probably  are  the  same  bed. 

At  the  mouth  of  Glady  Fork  a  small  pit  dug  by  J.  P.  Quails  shows 
3  feet  of  coal,  the  upper  part  soft  and  the  lower  part  hard.  This 
l>ed  shows  2  feet  0  inches  of  coal  in  the  river  bank  a  short  distance 
below  the  mouth  of  Glady  Fork. 
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Several  coal  blooms  are  exposed  in  the  road  along  the  lower  part 
of  South  Fork,  but  the  only  pits  noted  are  on  the  land  of  Milburn 
Gilliam,  above  the  road  on  the  east  of  South  Fork,  about  one-fourth 
mile  from  its  mouth.  Two  old  entries,  one  of  which  is  said  to  be  150 
feet  long,  are  badly  caved,  and  a  third  was  opened  in  the  autumn  of 
190()  to  supply  fuel  for  a  locomotive  operating  on  a  lumber  tramroad. 
The  bed  (83)  is  4  feet  4  inches  thick  but  contains  a  clay  parting 
1  foot  thick.    It  has  a  fossiliferous  shale  roof. 

North  Fork. — ^Very  little  coal  was  seen  on  North  Fork,  and  the 
chances  of  there  being  any  worth  much  attention  on  the  right  or 
mountain  side  of  the  stream  are  small.  It  is  reported  that  W.  A. 
Bowling  has  a  pit  at  Flat  Gap  on  a  4- foot  bed  and  that  there  is  a  20- 
inch  bed  at  George  Adams's,  4  miles  below  Flat  Gap.  At  Henry 
Short's,  1  mile  above  Meadow  Branch,  there  is  said  to  be  a  2- foot  bed 
of  coal  in  the  watercourse  below  the  house,  and  a  4-f  oot  bed  is  reported 
in  the  head  of  the  hollow  but  it  is  not  now  exposed.  In  the  hollow 
just  below  Meadow  Branch  and  back  of  Josh  Mullins's  house  a  12-inch 
and  an  18-inch  bed  of  coal  are  exposed  in  the  shale  bed  of  the  branch. 
One  is  30  feet  above  the  other. 

The  only  coal  pit  seen  on  North  Fork  is  in  the  south  bank  opposite 
the  Pound  Gap  road,  or  less  than  one-fourth  mile  above  the  forks. 
It  is  merely  a  small  drain  under  a  sandstone  ledge  where  E.  M.  Sow- 
ards  has  dug  a  few  tons  of  coal.  The  bed  is  3  feet  3  inches  thick 
(84)  and  the  lower  2  feet  is  block  coal.  It  is  about  125  feet  above  the 
creek. 

Coal  blooms  were  seen  in  two  or  three  places  on  the  road  from 
Pound  to  Pound  Gap  and  a  1-foot  coal  is  exposed  on  top  of  the  Lee 
conglomerate  about  500  feet  below  the  gap. 

Indian  Creek, — Near  the  head  of  Indian  Creek  the  bloom  of  a 
coal  apparently  about  2  feet  thick  is  exposed  in  the  road  in  two  or 
three  places.  The  bed  dips  downstream.  There  is  also  on  the  upper 
end  of  the  creek  and  100  feet  above  it  an  old  entry  now  partly  filled 
with  water  in  wHich  3^  feet  of  coal  (85)  can  be  seen.  The  whole 
thickness  of  the  bed  was  not  learned.  It  dips  S.  80**  W.  at  an  angle 
of  4°.  Farther  down  the  creek,  2  miles  above  the  mouth,  Mr.  Hard- 
away  reports  a  bed  at  water  level  and  gives  a  measurement  of  4  feet 
6  inches  (86),  with  the  note  that  there  is  said  to  be  2  feet  of  coal 
below  the  visible  portion  of  the  bed.  This  is  at  J.  H.  Blair's,  where 
a  pit  25  feet  above  the  creek  is  reported  to  have  shown  a  5-foot  bed 
(87)  containing  an  8-inch  parting.  There  is  evidence  of  slight  local 
folding  of  the  rocks  along  this  part  of  the  creek. 

An  opening  just  above  the  Craft  house,  on  the  Chase  tract,  is  said 
to  have  been  driven  150  feet  on  a  coal  bed,  the  upper  bench  of  which 
is  2  feet  9  inches  thick.  There  is  a  coal  bloom  in  the  road  above 
40858— BuU.  348—08 8 


114 


COAL   RESOUBCE8   OF   THE   BUSSELL   FOBK    BASTK. 


'^ 


the  Tidewater  Lmuber  Com  pan  v  dam,  and  at  the  mouth  of  Indii 
Creek  a  164nch*bed  of  coal  shows  beside  the  roftd  200  fwt  fra 
Pound  River, 

BawUramp  Creek. — ^At  the  head  of  the  main  fork,  Icnown  jis  Dolsi 
Fork  or  Baker  Ford*  a  S~foot  bed  of  coal  is  reported  below  AI 
Power's  (88),  and  one-eighth  mile  farther  downt^tream  and  at  ti 
same  elevation  this  bed  is  Z  feet  5  inches.  On  the  George  L.  Bak 
place,  io  the  same  locality,  an  opening  has  been  made  on  a  bed  of  o<a 
over  10  feet  thick  (8J>)  which  has  a  close  resemblance  to  the  Clii 
wood  coal  at  the  Lane  and  Keel  openings  (PL  VIII,  A ) .  It  is  on  b 
of  the  Glftdevillo  sandstone  and  150  feet  above  a  coal  which  j^how3 
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Fig.  24. — Cllntwood  coal  un  Bowlocamp  Ci^eli  And  Oeergea  Fork. 

a  small  bloom  in  the  road*  One  hundred  and  seventy  feet  abc 
Jim  Baker's  house  (90)  the  same  bed  has  thinner  shale  partings  a 
is  8  feet  6  inches  thicks 

A  4-foot  coal  (91)  has  been  exposed  on  the  John  Boggs  pla 
on  Mullins  Fork  of  Bowlecamp  Creek,  and  the  same  bed  is  report 
on  the  main  fork  Ijelow  Bud  Hamilton's,  In  the  bed  of  Me  Fa 
p^ork,  at  an  elevation  of  300  feet  above  Pound  River^  there  is  a  cc 
bed  (92)  reported  to  be  G  feet  G  inches  thick.  Near  the  head 
Hamilton  Fork,  about  90  feet  above  the  creek  in  a  pit  back  of  Gra 
Meade's  house,  overlying  a  massive  sandstone  believed  to  be  t 
Ghideville,  is  the  Clint  wood  coal  bed,  from  4  feet  8  inches  to  5  6 
thick  (93).  A  4-foot  10-inch  bed  is  reported  SOO  feet  higher 
the  hill  above  the  Meade  opening  on  the  land  of  Ira  MulUus,  ai 


114  COAI.  BESOUflCES   OF   THE   BUS8E 


I  ♦    y*M  HI  A  t  1 


•  #iflffnMMf) 


t-1 


o 

Ui 

-J 

I 


o 
o 


z 

UJ 


POUND  RIVEB.  115 

a  bloom  which  may  be  this  coal  shows  in  the  road  about  70  feet  below 
Greorges  Gap.  At  the  head  of  Mill  Creek,  in  a  pasture  one-fourth 
mile  back  from  J.  E.  Alley's  house,  about  4  feet  of  coal  is  exposed*  in 
a  surface  pit.  This  bed  lies  on  top  of  a  conspicuous  massive  sand- 
stone seen  along  the  road  below  Alley's  house  and  is  probably  the 
Clintwood  coal.  On  the  trail  from  the  head  of  Mill  Creek  to  the 
mouth  of  Bear  Branch  a  1-foot  coal  outcrops  200  feet  above  Pound 
River,  and  a  similar  bed  occurs  in  a  hollow  back  of  Filmore  Eding- 
ton's  on  the  west  bank  of  Pound  River  between  Bear  and  Whiteoak 
branches. 

Georges  Fork. — The  Clintwood  coal,  described  as  10  feet  thick  on 
Lick  Fork  of  Cranes  Nest  River,  has  been  prospected  at  a  number 
of  points  at  the  head  of  Greorges  Fork  and  found  to  be  over  8  feet 
thick  under  a  considerable  acreage.  On  the  east  of  the  creek,  one- 
half  mile  below  Georges  Gap,  on  property  of  the  Cranes  Nest  Coal 
and  Coke  Company,  4  feet  of  coal  is  exposed  at  the  Hibbett  prospect. 
The  pit  is  partly  caved  and  filled  with  water,  however,  so  that  the 
whole  bed  could  not  be  seen'.  The  thickness,  according  to  Mr.  Hard- 
away,  is  13  feet  1  inch  (94),  of  which  only  20  inches  is  shale  or  fire 
clay  (PI.  VIII,  B),  Three- fourths  of  a  mile  below  this,  on  the  left  of 
Georges  Fork,  is  the  Baumgardner  opening,  in  which  the  Clintwood 
coal  is  9  feet  8  inches  thick  (95).  An  entry  has  been  driven  about  25 
feet. 

Two  miles  below  the  head  of  Georges  Fork,  in  a  hollow  on  the  west 
side  of  the  creek,  an  opening  (96)  on  Samuel  Elkin's  land  shows  the 
Clintwood  coal  nearly  6  feet  thick,  and  another  prospect  on  the  left  of 
the  creek  belonging  to  Manuel  MuUins  (97)  is  reported  over  11  feet 
thick  with  an  aggregate  of  14  inches  of  waste  in  5  partings. 

On  Georges  Fork,  1  mile  above  its  mouth,  in  the  rear  of  James  C. 
Willis's  house,  there  is  a  coal  bed  reported  to  be  2  feet  7  inches  thick, 
with  a  1-inch  shale  band  near  the 'bottom.  The  dip  is  strong  down- 
stream, and  what  is  believed  to  be  the  same  -bed  has  been  dug  into  by 
John  Trivitt  at  water  level  one- fourth  mile  up  the  branch  whose 
mouth  is  at  Freeling.  Two  entries  have  been  driven  20  feet  on  the 
coal,  which  is  4  feet  (98)  at  this  point. 

Dwale. — Along  the  ridge  road  from  Clintwood  to  the  mouth  of 
Cranes  Nest  River,  coal  blooms  are  exposed  at  a  number  of  places. 
Two  miles  north  of  Clintwood,  at  a  place  where  Campbell  Willis  is 
quarrying  building  and  curbstone  from  the  Gladeville  sandstone,  the 
bloom  of  a  coal  on  top  of  the  Gladeville  can  be  seen,  and  the  same 
bed,  which  is  probably  the  Clintwood  coal,  should  be  found  near  the 
spring  at  the  schoolhouse  near  Wood's  store.  Small  coal  blooms  are 
common  in  the  road  at  Dwale,  and  in  a  spring  beside  the  road  30  feet 
below  Nickels  Gap,  on  J.  H.  Art  rip's  land,  there  is  a  16-inch  bed  (99) 
containing  a  3-inch  clay  parting. 
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Coal  has  been  stripped  from  the  bed  of  a  small  hollow  on  the  land 
of  W.  J.  Flemings,  1  mile  northeast  of  Clintwood,  but  the  thickness 
of  the  bed  is  not  known.  Two  feet  of  coal  could  be  seen  above  the 
water.  This  coal  is  immediately  above  the  Gladeville  sandstone,  as 
is  also  a  bloom  seen  2^  miles  northeast  of  Clintwood  at  Buddy  Neal's 
and  at  Isom  Flemings's,  just  over  the  divide,  on  the  head  of  a  branch 
which  flows  into  Pound  River.  Isom  Flemings  has  taken  coal  from 
the  spring  opposite  his  house,  but  has  not  uncovered  the  bed  enough 
to  determine  its  thickness. 

Near  the  ford  at  W.  R.  Stone's,  below  Nickels  Gap  on  Pound  River, 
there  is  a  13-inch  coal  bed  in  the  south  bank  close  to  water  level,  from 
which  a  small  amount  of  coal  has  been  taken. 

East  of  Dwale  and  Nickels  Gap  there  is  a  strong  coal  bloom  m  the 
road  above  Jim  Scyphers's,  which  is  said  to  mark  the  location  of  a 
4- foot  bed.  In  the  ravine  below  Scypher's  house  a  small  pit  in  the 
woods  (100)  discloses  a  5-foot  2-inch  bed  of  coal  which  seems  to 
be  near  the  base  of  the  Gladeville  sandstone.  The  small  coal  last 
mentioned  is  in  the  bank  of  Pound  River,  just  above  the  mouth  of 
this  ravine. 

Cam'  Branch, — Along  the  road  from  Draten  Musick's  store  to 
Mount  Olive  Church  there  are  a  number  of  small  coal  blooms,  and  at 
water  level  on  Cane  Branch,  200  feet  below  the  point  where  the  road 
crosses  the  creek,  AA^  M.  Davis  has  drifted  20  feet  under  a  sandstone 
ledge  on  a  bed  of  clean  coal  2  feet  4  inches  thick  (101).  The  dip 
is  northwest  at  this  point. 

Pine  Mountain, — On  the  eastern  flank  of  Pine  Mountain  and  down 
to  Pound  River  there  are  no  important  coal  beds,  for  the  reason  that 
the  *i:reater  part  of  the  slope  is  composed  of  the  I^e  conglomerate. 
It  is  said  that  coal  has  been  found  at  a  number  of  points  but  not  in 
abundance.  The  only  exposure  seen  by  the  writer  is  a  20-inch  l)ed 
al)out  ()0  feet  below  the  top  of  the  Lee  conglomerate  a  few  yards 
above  where  the  road  crosses  Skeet  Kock  Branch.  The  beds  here  dip 
southeast  at  an  angle  of  25^. 

KAST    SIDE    OF    SANDY    RIDGE. 

There  are  three  localities  south  of  the  area  described  in  which 
active  iiiinin<if  oi)erations  have  been  in  progress  for  several  years. 
These  are  Glamorgan,  Toms  Creek,  and  Dante.  The  coal  mined  at 
(Tlainorgaii  by  the  Stone  Gap  Colliery  Company  has  an  average 
thickness  of  4  feet  4  inches,  with  only  2  inches  of  partings  (102). 
Tt  is  known  locally  as  the  (ilamorgan  bed  and  has  not  yet  been  cor- 
related with  the  coals  on  the  north  side  of  Sandy  Ridge. 

The  Upper  Banner  coal  is  said  to  average  over  8  feet  thick  in  some 
of  the  mines  on  Toms  Creek  (103),  but  carries  from  6  to  18  inches 
of  fire  clay  and  coal  streaks  a  little  below  the  middle.     At  Dante 
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(104)  it  is  fairly  free  from  partings  and  averages  about  5  feet.  The 
Lower  Banner  coal  at  Dante  (105,  105  a,  105  b)  has  a  thickness  of 
about  ^  feet  and  varies  considerably  in  short  distances.  In  mine 
No.  1  at  Dante  the  Widow  Kennedy  coal  has  an  average  thickness  of 
7  feet  and  in  mine  No.  4  on  the  opposite  side  of  the  creek  scarcely  4 
feet.    It  varies  from  16  inches  to  12  feet  in  thickness  in  mine  No.  1. 


102, 
Glamorgan 


.      103 
Toms  Creek, 
Upper  Bapner 


Dante 
Ui^r  Banner 


10& 

Dante 

Lower  Banner 


^'^i^i¥>' 


130* 


Bony  cod 


Dante,Lower  Banner 


Dante,Widow  Kennedy 


105a 


105b 


106a 


Fire  clay  1 
Ffareclay6' 
Ffareday 

Fig.  25. — Coals  on  east  side  of  Sandy  Ridge. 

Anything  over  3  feet  of  clean  coal  is  considered  worth  mining  (IOC, 
106  a).  The  coals  at  Dante  have  been  described  by  the  writer  in  a 
previous  report." 

ANALYSES   OF  COALS. 

The  following  23  coal  analyses  are  taken  from  private  reports  made 
by  mining  engineers  and  others  to  their  clients  and  kindly  furnished 
to  the  writer.  They  show  the  chemical  character  of  the  principal 
coals  in  the  basin  of  Russell  Fork  in  Virginia.  The  method  of 
sampling  is  not  stated.  It  is  presumed  that  much  of  the  moisture 
was  lost  by  exposure  to  the  air  previous  to  analyzing. 


•  stone,  R.  W.,  Coal  Mining  at  Dante,  Va.  :  Bull.  U.  S.  Geol.  Survey  No.  310.   1907, 
pp.  6»-75.  • 
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Analyses  o/  bituminous  coals  in  Dickenson  County,  Va, 
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•Analyst,  A.  S.  McOreath;  sampled  by  James  T.  GardlDer. 

^Analysts.  Wuth  and  Stafford. 

'^  Analyst.  Otto  Wuth;  sampled  by  E.  H.  Steinman. 

<*  Analyst,  O.  O.  Tutwiler;  sampled  by  Jansen  Haines. 

The  above  table  contains  analyses  of  three  samples  taken  at  Bu 
which  are  supposed  to  be  from  the  AA^idow  Kenned}'  bed.  The  ho 
zon  of  the  bed  at  Bucu  suggests  this  correlation,  and  the  high  pc 
centage  of  ash  in  the  analyses  indicates  that  the  bed  at  that  pla 
lias  suH'ered  disturbance  and  is  not  an  attractive  mining  propositit 
Throe  analyses  are  included  from  the  Dawson  mines  at  Dante.  Da 
son  is  the  former  name  of  the  mines  now  operated  by  the  Clinchfie 
Coal  Corporation,  and  these  analyses  are  probably  made  of  sampl 
taken  from  the  same  openings  as  those  furnishing  the  coals  who 
analyses  are  given  in  the  second  table  below.  Dante  is  just  over  t 
county  line  on  the  south  side  of  Sandy  Eidge,  and  these  analys 
should  re[)resent  the  character  of  the  beds  in  the  adjoining  portion 
Dickenson  County. 

An  average  of  these  23  analyses  gives  a  comj)osite  of  the  sever 
minable  coals  in  Dickenson  County,  showing  29  per  cent  volati 
matter,  ()2  per  cent  fixed  carbon,  less  than  1  per  cent  moisture,  b 
tween  t  and  G  per  cent  ash,  0.831  per  cent  sulphur,  and  0.015  per  ce 
phosphorus.  This  average  composition  of  the  several  beds  of  go< 
coal  is  equivalent  to  that  of  the  IMttsburg  coking  coal. 

The  averages  of  11  analyses  %of  Clint  wood,  3  of  Tiller,  and  4  ' 
Upper  Banner  coal  are  as  follows: 
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Average  analyses  of  three  coals. 

Constituent. 

Clintwood. 

Tiller. 

Upper 
Banner. 

Moisture. _ 

0.92 

82.20 

61.70 

4.56 

.855 

.012 

0.636 
26.36 
67.28 
5.40 
.632 
.022 

1  03 

Volattte  matter _ 

31.82 

Fixed  carbon 

61  02 

Ash 

6!40 

Sulphur 

708 

Phosphorus 

' 

Puel  ratio— 

1.91 

2.55 

1.95 

The  following  table  shows  the  results  of  analyses 
United  States  Geological  Survey's  fuel-testing  plant 
from  samples  taken  during  the  prosecution  of  this  work, 
wood  coal  was  sampled  by  C.  W.  Dodge  and  the  other 
writer.  Each  sample  was  cut  in  the  mine  from  a  clean 
including  all  binders  or  partings  under  one-fourth  inch 
It  was  crushed,  quartered,  and  sealed  air-tight  in  a  can 
By  this  method  the  moisture  is  retained  until  the  sample 
analysis. 

Analyses  of  Virginia  coals. 


made  at  the 
at  St.  Louis 
.  The  Clint- 
three  by  the 
face  of  coal, 
in  thickness, 
in  the  mine, 
is  opened  for 


[P.  M.  Stanton 

,  analyst.] 

Name  and  location  of  coal  bed. 

Clintwood, 
Clintwood. 

Upper 
Banner, 
Dante. 

Lower 
Banner, 
Dante. 

Widow 

Kennedy, 

Dante. 

I^aboratory  number         _      

3827 

3942 

4057 

£947 

Sample  as  received: 

Moisture 

Volatile  matter _         .      .— 

2.21 
30.13 
63.68 

3.96 
.87 

2.30 
82.40 
57.92 

7.32 
.66 

2.79 
82.11 
59L30 

5.80 
.84 

1.90 
31.54 

Fixed  carbon 

60.87 

Ash - _- 

Sulphur 

5.69 
1.47 

^  1     Id        1                                           t  Calories 

6.569 

Calorific  value -}b.  t.  u 

11.824 

Loss  of  moisture  on  air  drying 

1.20 

1.80 

1.80 

.80 

Air-dried  sample: 
Moisture 

1.02 
30.50 
64.45 

4.03 
.89 

1.07 
32.83 
68.68 

7.42 
.67 

1.01 
32.70 
00.39 

5.90 
.85 

1.11 

Volatile  matter 

31.79 

Fixed  carbon 

61.36 

Ash 

Sulphur.    _ 

5.74 
1.48 

Fuel  ratio _ 

2.11 

1.79 

1.85 

1.93 

The  sample  of  the  Clintwood  coal  was  taken  at  the  Chase  &  Dam- 
ron  mine  near  Clintwood  and  represents  4  feet  4  inches  of  a  6-foot 
3-inch  bed.  It  was  cut  at  the  face  of  the  main  entry,  100  feet  from  the 
outcrop.  The  sample  of  Upper  Banner  coal  was  taken  in  mine  No.  3 
of  the  Clinchfield  Coal  Corporation  at  Dante.  It  was  cut  from  a 
clean  face  in  butt  entry  No.  6  of!  the  main  gangway,  where  the  bed  is 
6  feet  thick.  In  mine  No.  2  at  Dante,  at  a  point  where  the  Lower 
Banner  bed  is  nearly  4  feet  thick,  room  4  of!  the  left  entry,  a  sample 
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was  taken  of  the  3  feet  3  inches  of  coal  which  is  mined.  The  Widow 
Kennedy  bed  was  sampled  in  mine  No.  4,  in  the  second  cross  heading, 
300  yards  from  the  entrance.  A  point  was  chosen  where  the  coal  is 
in  its  best  condition  and  3  feet  9  inches  thick.  It  was  solid  and  clean, 
rather  than  rolled,  mashed,  and  dirty,  as  at  many  points  in  this  mine. 

Tlie  above  analyses  show  that  these  coals  are  high-grade  bitu- 
minous, comparatively  low  in  ash,  and  have  only  a  small  percentage 
of  sulphur. 

In  the  following  table  are  given  average  analyses  of  some  well- 
known  eastern  bituminous  coals,  including  the  Elkhorn  coals  of  the 
adjacent  field  in  Kentucky  and  the  averages  of  three  of  the  best  coals 
in  Dickenson  County. 

Average  analynen  of  eastern  bituminous  coals  and  of  Russell  Fork  basin  coals. 


Pocahontas  (avcraRe  of  38)  » 

New  River  (Quinnemout)  (average  of 
17)  * - _ 

Tiller  (average  of  3) 

Elttsbiirg  (Oonnellsville)  coking  (av- 
erage of  20)*" 

Upper  Banner  (average  of  4) 

Ollntwood  (average  of  11) 

Lower  Elkhom  (average  of  22) '' 

Upper  Elkhom  (average  of  19)  •* 

Clinch  Valley  gas  coal  *.._ 

Westmoreland  gas  coal  •■ 

Penrisylvanfa  Kas  coal  *" 


Moisture. 


.00 
.536 

1.130 
1.08 
.92 
1.425 
1.538 
1.180 
1.427 
1.280 


Volatile 
matter. 


17.48 

19.9:^ 
iS6.36 

29.812 

31.32 

32.20 

32.105 

34.065 

37.398 

37.521 

38.  la") 


Fixed 
carbon. 


^7.71 

75.20 
07.28 

00.420 

01.02 

01.70 

58.435 

58.367 

56.782 

54.921 

54.383 


Ash. 

Sulphur. 

Fuel 
ratio. 

4.63 

0.02 

4.40 

4.27 

.07 

3.77 

5.40 

.855 

2.55 

7.949 

.08» 

2.03 

0.40 

.796 

1.93 

4.55 

.855 

1.91 

7.459 

.574 

1.8i 

4.490 

.587 

1.67 

5.002 

.619 

1.52 

5.418 

.713 

1.46 

5.440 

.702 

1.43 

«  White,  I,  C,  Gool.  Survey  West  Virginia,  vol.  2.  pp.  <^i)r>.  (;t>G.  700. 

"  Ibid.   p.    070. 

*"  II.   ('.   Frick  Coke  Torapany. 

dMunnfucturrrs'  Uocord,   vol.   4r),   No.   '2'.\,   1004,   Supplement. 

'  MeCreath  and  d'lnvilllers,  Mineral  resources  of  upper  (Cumberland  Valley,  1888,  p.  145. 

The  .sequence  in  this  table  is  in  accoidance  with  the  fuel  ratio  and 
shows  the  superiority  of  the  coals  in  this  field. 


COKE. 

The  coals  of  this  field  duplicate  in  physical  properties  and  chemical 
composition  the  coals  on  Toms  Creek,  AVise  County,  which  make  good 
coke,  and  it  is  believed  that  most  of  them  wnll  be  found  to  be  ^ood 
cokin|2:  coals. 

Car  samples  of  the  Clint  wood  coal,  taken  from  the  Beverley 
openin*r  on  Honeycamp  Branch  and  shipped  to  Chattanooga  and 
Connellsville,  made  coke  of  the  following  character: 

Analf/.scs  of  Dickenson  (Umnty  coke. 


!  Volatile 
,  matter. 


72-hoiir ..|        0.15 

48-hoiir- _.       ._.!  .(«1 

72-h(Hir -.      I- ._- 

I 

48  hdiir .   .       .   _  l|       1.5<) 

I       1.03 


Fixed 
carbon. 


no. 153 

1)1.224 

90.91 

92.03 

92.30 

92.76 


Ash. 


7.095 
8.34 


0.30 
4.373 


Sulphur. 


0.775 
.736 


.841 


Phos- 
phorus. 


0.047 
.03,'. 


.026 


Analysts. 


Wuth  and  Stafford. 

Do.      . 
Shomberger  Steel  Co. 

Do. 

Do. 
P.  D.  Langdon. 
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To  compare  these  results  with  analyses  of  Pocahontas  and  Con- 
nellsville  cokes  reference  should  be  made  to  page  120  of  this  bulletin. 

CORRELATION. 

In  view  of  the  accuracy  of  the  correlation  work  being  carried  on  in 
the  Appalachian  coal  field  by  David  White,  of  the  United  States  Geo- 
logical Survey,  by  means  of  paleobotanic  and  stratigraphic  evidence, 
the  writer  is  not  justified  in  attempting,  on  purely  stratigraphic  evi- 
dence, to  correlate  the  coals  of  Dickenson  County  with  those  of  the 
Elkhorn  field  on  the  other  side  of  the  Pine  Mountain  fault  in  Ken- 
tucky. It  may  be  remarked,  however,  that  the  species  of  fossil  plants 
from  the  Lower  Elkhorn  coal  on  Marrowbone  Creek  in  the  Elkhorn 
field  bear  a  close  resemblance  to  the  plants  from  the  Banner  group  of 
coals  at  Dorchester,  near  Norton,  Va. 

SUMMARY. 

From  the  foregoing  descriptions  it  will  be  seen  that  the  area  dis- 
cussed contains  a  considerable  amount  of  high-grade  bituminous  coal 
which  is  not  yet  being  mined.  On  Indian  Creek,  at  the  head  of  Rus- 
sell Fork,  the  Tiller  coal  bed  has  a  thickness  of  8  feet  or  more  over 
an  area  sufficiently  large  to  be  worthy  of  consideration.  Between 
Clintwood  and  Pound  the  Clintwood  coal  has  been  prospected  at  a 
number  of  points  and  found  to  be  8  to  10  feet  thick.  Throughout  the 
McClure  Creek  basin  the  Upper  Banner  bed  can  be  depended  on  to 
maintain  an  average  thickness  of  4  feet.  Besides  these  there  are  other 
coal  beds  of  minor  thickness  and  unknown  extent  which  will  ulti- 
mately be  of  some  value. 

The  coal  in  some  and  possibly  in  all  of  the  beds  of  workable  thick- 
ness will  make  excellent  coke.  Until  railroads  are  built  into  this 
region,  which  is  difficult  of  access  on  account  of  mountain  barriers, 
the  field  will  constitute  a  notable  reserve  of  Virginia's  coal  resources. 
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ECONOMIC  GEOLOGY  OF  THE  KENOVA  QUADRANGLE, 
KENTUCKY,  OHIO,  AND  WEST  VIRGINIA. 


ByWiLLiAM  Clifton  Phalen. 


INTRODUCTION. 

Importance  of  the  area. — ^The  Kenova  quadrangle  is  of  interest  on 
account  of  its  valuable  deposits  of  coal  and  fire  clay.  Of  less  value 
are  its  iron  ores,  limestones,  and  building  stones.  It  forms  part  of  a 
much  larger  area  in  which  during  the  last  three  or  four  decades  there 
has  been  much  activity  in  the  mining  of  coal  and  in  the  mining  and 
smelting  of  iron  ores.  The  latter  industry  has  been  discontinued,  but 
coal  is  still  being  mined.  The  clay  industry  in  this  region  is  small  at 
present,  but  should  have  an  important  future  on  account  of  the  amount 
of  available  raw  material.    (See  PL  I,  in  pocket.) 

Location  and  area, — The  Kenova  quadrangle  includes  parts  of 
Kentucky,  Ohio,  and  West  Virginia,  the  name  Kenova  being  coined 
by  combining  abbreviations  of  these  State  names.  Its  exact  position 
is  shown  on  the  accompanying  key  map  (PI.  II).  Far  the  greater 
part  of  its  938  square  miles  is  within  Kentucky,  including  the  whole 
of  Boyd  County,  the  larger  part  of  Lawrence,  and  parts  of  Carter, 
Greenup,  and  Elliott  counties,  Ky.  A  small  part  of  Wayne  County, 
W.  Va.,  and  the  south  end  of  Lawrence  County,  Ohio,  make  up  the 
remainder.  The  quadrangle  takes  its  name  from  a  small  town, 
Kenova,  lying  at  the  confluence  of  Big  Sandy  and  Ohio  rivers. 

The  portions  of  Kentucky  and  Ohio  in  this  locality  are  sometimes 
known  as  the  "  Hanging  Rock  "  region,  from  an  outcrop  of  massive 
sandstone  at  Hanging  Rock  on  Ohio  River,  a  few  miles  below  the 
city  of  Ashland. 

From  a  geographic  as  well  as  a  physiographic  point  of  view,  this 
area  is  a  part  of  the  western  Appalachian  Plateau  province.  It  lies 
along  the  western  edge  and  just  north  of  the  center  of  the  great  coal 
field  comprised  within  this  province,  which  extends  from  north- 
central  Alabama  to  the  southern  boundary  of  New  York. 

Prevuma  field  work. — ^This  area  was  studied  by  the  geologists  of 
the  Kentucky  Geological  Survey  during  the  latter  half  of  the  past 
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century.  Most  of  the  work  on  the  coals  Jind  gejieiul  geology'  in  ihis 
particular  area  was  done  by  Prof.  A.  R.  Craudall.  Mn  P.  N*  M(K>rB 
examined  more  particularly  the  geology,  distribution,  and  technology 
of  the  iron  ores.  Dn  L  C.  White,  director  of  the  West  Virginia 
Geological  Surveyj  has  measured  sections  in  that  part  of  the  quad- 
rangle which  lies  in  Wayne  County,  W,  Va,,  and  the  State  Survey 
of  Ohio  has  worked  on  the  Ohio  portion. 

In  addition  to  the  work  of  these  men  special  areas  have  been  ex- 
amined for  private  parties  by  geologists  and  mining  engineers. 

Literature, — The  publications  containing  the  most  information 
on  this  area  are  the  following: 

CrandalU  A*  E.,  aad  Moore,  F.  N.,  Report  on  tbe  eastern  coal  field:  Geol. 
Survey  Eentacky,  to)*  C,  1S84,  ?7  pp. 

The  chapter  ou  coals  lu  thin  publfoatioD  Is  aleo  contained  In  Geol.  8urv«Qr 
Kentucky,  vol,  2»  pt,  1,  new  eer,,  18T7,  pp,  1--77;  the  dlsctisslon  relating  to 
the  Iron  ore»  of  Greeuup,  Boyd,  and  Carter  counties,  or  the  Kentucky  dirlslou 
of  the  Hauirinf(  Rook  Iron  district,  is  found  In  the  same  report,  pt.  S,  voL  U 

1876,  pp.  m-im. 

Etmlety  K*  8*,  and  Crandall,  A.  IL,  Report  on  the  timber  fpfowth  of  Greenup, 
Carter,  Boyd,  and  I^wrence  counties:  Kentucky  GeoL  Survey,  new  ser„  yel 
1,  pt  1,  18t(»,  pp,  1^58, 

Survey  of  Big  Bandy  RlTfir,  West  Virginia  and  Kentucky,  inelndlns  Levint 
and  Tug  Forks;  House  Doc.  No.  326,  mth  Cong.,  Ist  aesa.,  1900,  62  pp. 

Hoeing,  J,  B„  Oil  and  gas:  Kentucky  Geol.  Survey,  Bull.  No.  1,  1905.  233  pp. 

Whiter  L  C,  Coal  rei>ort:  West  Virglola  Geol,  Survey,  vol.  2,  1903,  725  p[*. 

Stevensou,  J*  J.,  Lower  Carhoulteroaa  of  the  Appalachian  Basin :  Bull,  GeoL 
Soc.  Amcrlea,  vol.  14,  1903,  pp.  36  et  aeq.,  80  et  seq. 

SteveuwjD,  J.  J.,  Carboiilferoua  of  the  Apfialaehlan  Basin :  Bull.  GeoK  SM, 
America.  voL  Ifi,  lfMJ4,  pp^  92-114. 

« >hi<)  (ieol.  Survey,  vol,  3,  p.  1 ;  vols.  5  and  T, 

The  reader  will  also  get  much  infcirmation  from  the  four  vol- 
umes of  reports  of  tlie  fir^t  Kentucky  Geological  Surveys  made  by 
Dr.  David  Dale  Owen  in  the  years  1854  to  1800.  inclu^^ive-  The*^ 
early  reports  are  somewhat  discursive,  and  the  information  can  most 
easily  be  found  by  reference  to  the  indexes  under  the  names  of  the 
various  counties. 

Present  f^ld  work. — The  field  work  on  which  this  paper  is  based 
vras  done  by  W.  C.  Plialeu  in  ISKJfi,  from  the  last  of  May  to  the  first 
of  November,  George  H,  Ashloy  spent  about  two  months  in  the 
field,  visiting  with  the  writer  mot^it  of  the  critical  areas  and  doing 
some  independent  mapping,  DavUl  1\Tiite  lilso  visited  the  field  and 
spent  somewhat  less  time  making  numerous  careful  and  cx)mplete 
collections,  which  have  furnished  in  part  the  basis  for  the  separa- 
tion of  the  formations  chosen  in  geologic  mapping.  Numerous  ref- 
erences to  the  work  of  Doctors  Ashley  and  White  will  be  found 
scattered  through  the  text,  and  an  expression  of  thanks  is  herewith 
extended  to  these  geologists  for  courtesies  both  in  the  office  and  in 
the  field. 
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TOPOGRAPHY. 

Relief. — ^The  part  of  the  Appalachian  Plateau  included  in  this 
region  has  been  greatly  dissected,  until  there  is  now  scarcely  any  level 
land  within  the  quadrangle,  except  the  flood  plains  of  the  larger 
streams,  like  Ohio,  Big  Sandy,  and  Little  Sandy  rivers.  This 
extensive  erosion  has  resulted  in  sharp  ridges,  in  many  cases  barely 
wide  enough  for  wagon  roads,  and  rather  narrow  valleys  with  small 
flood  plains  reaching  well  up  to  their  heads.  From  the  tops  of  the 
highest  hills  the  remnants  of  the  Appalachian  Plateau  may  still  be 
recognized  in  the  even  sky  line  (PL  III,  ^4).  In  a  general  way  this 
ancient  surface,  or  rather  what  remains  of  it,  is  highest  at  the  south 
edge  of  the  area,  where  the  highest  knobs  reach  an  elevation  of  1,200 
feet.  It  slopes  gradually  northwest,  and  in  the  divide  between  the 
waters  of  Tygarts  Creek  and  Little  Sandy  River  only  a  few  of  the 
knobs  rise  above  1,000  feet.  The  lowest  points  in  the  area  are  those 
farthest  downstream  on  Ohio  and  Little  Sandy  rivers  and  on  Tygarts 
Creek.  The  flood  plain  of  the  Ohio  ranges  from  about  530  feet  above 
sea  level  where  it  leaves  the  quadrangle  to  about  560  feet  where  it 
enters  it  from  the  east.  The  flood  plain  of  Big  Sandy  has  an  eleva- 
tion of  about  597  feet  at  the  south  edge  of  the  quadrangle  and  550 
feet  at  the  mouth  of  the  stream,  showing  a  gradient  of  about  1.1  feet 
per  mile.  This  is  slightly  less  than  the  gradient  of  Little  Sandy.  On 
Big  Sandy  the  flood  plain,  though  it  may  in  places  reach  a  mile  in 
width,  averages  between  one-half  and  three-quarters  of  a  mile.  The 
plain  of  Little  Sandy  from  Grayson  to  Argillite  has  a  greater  average 
width,  but  in  the  upper  portion  of  the  river  flood  plains  are  wanting, 
the  stream  flowing  through  a  gorge  formed  in  the  Sharon  conglom- 
erate. 

The  badly  dissected  character  of  the  region  has  an  important  bear- 
ing on  the  exploitation  of  the  natural  resources.  The  railroads  were 
confined  during  the  early  part  of  their  history  to  the  main  river 
valleys  and  had  to  leave  untouched  for  some  time  the  more  remote 
workable  coal  and  clay  beds;  on  the  other  hand,  the  flood  plains, 
which  are  almost  everywhere  developed  along  the  streams,  are  favor- 
able to  the  construction  of  spur  tracks  that  will  materially  lessen  the 
haulage  from  mine  breast  to  tipple. 

Points  of  equal  elevation  are  represented  on  the  map  by  contour 
lines  in  buff,  which  are  really  the  intersections  of  hypothetical  plains 
with  the  surface  of  the  country.  These  contour  lines  are  placed  100 
feet  apart  and,  when  carefully  studied,  enable  the  mind  to  grasp 
fairly  well  the  general  "  lay  of  the  land." 

Drainage. — The  drainage  of  this  quadrangle  is  either  directly  or 
indirectly  into  Ohio  River,  which  crosses  its  northeastern  corner. 
The  chief  tributaries  of  Ohio  River  are  Big  and  Little  Sandy  rivers 
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and  Twelvepole  and  Tygarts  creeks,  the  last  named  flowing  across 
the  extreme  northwestern  corner.  Twelvepole  Creek,  entering  from 
the  Huntington  quadrangle  on  the  east,  flows  about  10  miles  in  a 
circuitous  course  in  West  Virginia  and  empties  into  Ohio  River  at 
Kellogg.  Practically  all  the  smaller  streams  flow  into  Big  and  Little 
Sandy  rivers.  Of  these  streams  Big  Blaine,  a  tributary  of  Big 
Sandy  with  an  estimated  length  of  aUbut  70  miles  almost  wholly  in- 
cluded wuthin  this  quadrangle,  and  East  Fork  of  Little  Sandy  are 
the  most  important.  The  Big  Sandy,  which  in  conjunction  with 
Ohio  River  is  the  main  drainage  course  of  the  area,  is  formed  by  the 
confluence  at  Louisa  of  Levisa  and  Tug  forks.  After  flowing  north- 
ward for  27  miles,  it  empties  into  Ohio  River  at  Catlettsburg.  Levisa 
Fork  is  often  called  Big  Sandy. 

CUIiTURB. 

Roads  and  farming, — Though  from  the  farmer's  point  of  view  this 
area  is  rough,  it  is  completely  intersected  by  fairly  good  country  roads, 
the  construction  of  which  is  facilitated  by  the  fairly  soft  character 
of  the  rocks.     The  roads  of  Boyd  County  are  notably  well  kept. 

Notwithstanding  the  comparatively  rugged  character  of  the  coun- 
try, it  is  under  general  cultivation.  The  flood  plains  of  the  streams, 
which  are  subject  to  periodical  overflow,  are  on  this  account  very 
fertile.  Along  the  valleys  of  the  larger  streams  some  wheat  is  grown, 
but  corn  is  the  principal  crop.  In  Carter  County  many  of  the  liill- 
sides  are  given  to  the  cultivation  of  tobacco.  These  crops,  with  the 
usual  garden  truck,  constitute  the  principal  products  of  the  soil. 
The  timber  resources  of  this  area  are  of  little  or  no  importance. 
Most  of  the  big  timber  was  removed  during  the  days  of  the  old 
charcoal  iron  furnaces,  which  flourished  during  the  seventies  and 
early  eighties. 

Ii (ill roads. — Most  of  the  railroads  are  confined  to  the  larger  stream 
valleys.  The  main  line  of  the  Chesapeake  and  Ohio  Railway  enters 
the  area  from  Huntington,  W.  Va.,  and  crosses  Big  Sandy  River  at 
Hampton,  keeping  along  the  south  bank  of  Ohio  River.  The  Big 
Sandy  division  of  this  line,  formerly  known  as  the  Chatteroi  Rail- 
road, follows  the  west  bank  of  Big  Sandy  River.  During  the  sum- 
mer of  11)05  the  old  wooden  railroad  bridges  were  being  replaced  by 
substantial  stone  culverts,  curves  were  being  straightened,  and  gen- 
eral improvements  were  under  way  in  preparation  for  an  expected 
increase  in  the  freight  traffic  from  the  Elkhorn  and  other  coal  areas 
near  the  headwaters  of  Levisa  Fork.  The  Louisville  and  Lexington 
division  of  this  railroad  crosses  the  area  diagonally  from  northeast 
to  southwest,  leaving  the  main  line  at  Ashland.  The  coal  mined  at 
Straight  Creek,  Grant,  Rush,  Princess,  and  Wiuslow  is  carried  by 
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this  line  or  by  the  Ashland  Coal  and  Iron  Railway,  which  is  that 
portion  of  it  between  Rush  and  Ashland.  The  Norfolk  and  Western 
Railway  has  recently  built  a  line  down  the  eastera  bank  of  Big  Sandy 
connecting  with  its  Twelvepole  division  and  crossing  Ohio  River  at 
Kenova.  The  new  line  is  so  much  superior  to  the  old  in  grade  and 
general  character  that  much*  of  the  coal  from  the  headwaters  of  Tug 
Fork  is  now  hauled  over  the  new  division.  The  Baltimore  and  Ohio 
Railroad  has  a  terminus  at  Kenova.  The  Eastern  Kentucky.  Rail- 
way, a  short  line  constructed  several  years  ago,  has  its  southern 
terminus  at  Webbville,  Lawrence  County,  and  its  northern  terminus 
at  Riverton,  Greenup  County,  where  it  joins  the  Chesapeake  and 
Ohio  Railway.  It  carries  staves, 'ties,  etc.,  from  the  Blaine  country 
aiid  coal  from  its  mines  at  Partloe,  Boghead,  and  Hunnewell,  as  well 
as  clay  from  the  mines  at  Willard. 

Locks  and  dams, — Big  Sandy  River  has  been  under  improvement 
by  the  United  States  Government  since  1878.  The  plan  of  improve- 
ment adopted  by  Congress  in  March,  1899,  contemplates  carrying 
slack  water  as  far  as  Pikeville  on  Levisa  Fork,  and  to  the  mouth  of 
Pond  Creek  on  Tug  Fork  by  the  construction  of  22  locks  and  dams. 
Within  the  limits  of  the  Kenova  quadrangle  there  have  been  built 
already  three  locks  on  Big  Sandy  below  Louisa,  one  on  Tug  Fork  at 
Saltpeter,  and  one  on  Levisa  Fork  at  Chapman.  By  the  aid  of  the 
dams  the  river  will  be  navigable  the  whole  year,  instead  of  only 
about  eight  months,  and  the  present  commerce,  chiefly  in  saw  logs, 
cross-ties,  staves,  etc.,  will  be  largely  augmented  as  a  result  of  the 
cheaper  water  transportation.  The  development  of  the  thinner  coals 
within  the  Kenova  area  and  in  larger  measure  the  thicker  beds  near 
the  headwaters  of  the  river  will  be  aided.  The  navigable  season  of 
the  smaller  streams  is  so  short  that  it  will  probably  not  aid  materially 
in  the  development  of  the  mineral  wealth  of  this  area.  These  streams 
are  used  chiefly  in  transporting  logs  and  ties. 

GENSRAIi  GEOIiOC^Y  OF  SURFACE  ROCKS. 

STRATIGRAPHY. 
INTRODUCTORY    STATEMENT. 

All  the  rocks  appearing  at  the  surface  within  the  limits  of  this 
quadrangle,  with  but  a  single  exception,  are  of  sedimentary  origin 
and  were  laid  down  in  or  by  water.  They  consist  of  sandstones, 
shales,  limestones,  coal  beds,  and  iron-ore  deposits,  and  have  a  total 
thickness  of  between  1,100  and  1,200  feet.  All  of  these  sedimentary 
rocks  belong  to  the  Carboniferous  system,  except  the  imperfectly  con- 
solidated gravels  of  the  river  terraces,  which  are  of  Pleistocene  age, 
and  the  alluvium  of  the  flood  plains.  The  subdivision  of  the  Car- 
boniferous in  the  northwest  portion  of  the  Appalachian  coal  field. 
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which  was  proposed  by  Henry  D.  Rogers  in  the  reports  of  the  First 
Geological  Survey  of  Pennsylvania,"  has  been  accepted  and  followed, 
at  least  in  its  main  features,  by  all  the  geologists  who  have  subse- 
quently worked  in  the  territory  to  which  this  subdi\nsion  applies. 
The  coal-bearing  rocks  have  been  followed  from  Pennsylvania  into 
Ohio,  and  then  southward  in  Ohio  to  Jackson  County,  and  from  this 
county  into  Scioto  and  Gallia  counties,  and  through  them  into  and 
across  Lawrence  County  to  Ohio  River.  Thus  the  stratigraphy  of 
the  "  Coal  Measures  "  of  western  Pennsylvania  is  bi'ought  into  the 
northeastern  corner  of  the  Kenova  quadrangle.  The  Carboniferous 
system,  as  developed  in  this  quadrangle,  consists  of  parts  of  the  Penn- 
sylvania and  Mississippian  series.  The  former  contains  the  workable 
coals  of  this  area.  The  rocks  will  Ix?  described  in  descending  order, 
begiiming  with  the  youngest. 

SEDl M  KN TAR V  ROCKS. 

qi:ater>ary  system. 

Recent  depo.9itfi. — The  alluvium  of  the  streams  of  this  area  is  the 
youngest  l)e(ldod  deposit  and  has  considerable  commercial  importance. 
It  makes  up  the  flood  plains  of  both  the  large  and  the  small  streaiui?, 
extending  well  up  to  their  heads.  The  larger  streams,  like  Ohio,  Big 
Ssmdy  and  Little  Sandy  rivers,  have  deposits  of  this  material  fully 
50  feet  thick.  Alon^  Ohio  Kiver  the  width  of  this  flood-plain  deposit 
ranges  from  tliive-fourlhs  of  a  mile  to  a  mile,  but  on  Big  Sandy  ami 
Little  Sandy  rivers  these  deposits  are  not  quite  so  wide.  The  material 
is  being  constantly  cut  out  and  redeposited  by  variations  in  the 
current>  at  (»acli  period  of  high  water.  The  mode  of  utilization  of 
these  flood-plain  deposits  will  be  indicated  in  connection  with  the 
dcsci'iption  of  the  days  (p.  120). 

PIcfsfocrnc  (hpttsifs, — None  of  this  region  lies  within  the  glacial 
boundary,  but  there  are  deposits  within  the  area  which  are  con- 
sidered of  Pleistocene  age.  Just  back  of  the  city  of  Ashland  is  a 
district  known  as  the  Flatwoods,  where  the  hills  are  flat  and  do 
not  rise  to  an  altitude  of  over  700  feet.  These  flat  lands  are  covered 
with  deposits  of  sand,  gravel,  ({uartz,  and  chert  bowlders,  some  of 
which  are  12  inches  in  diameter.  These  represent  residual  material 
from  the  remains  of  older  crystalline  rocks  of  the  Hlue  Ridge  to  the 
caM.  This  deposit  may  be  traced  fairly  distinctly  up  Big  Sandy 
Kiver  to  the  south  of  Louisa,  maintaining  its  general  elevation  of 
about  ir)0  feet  above  the  present  ilood  plain  of  the  stream.  These 
graved  deposits  may,  and  do  in  places,  represent  the  valleys  of  streams 
which^long  ago  ceased  to  flow  through  them.  The  ]>roof  of  this 
statement    lies   in    the   rounded    chaiacter   of   the   bowlders   and   in 
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certain  topographic  features  usually  associated  with  streams.  Among 
the  more  conspicuous  features  of  the  remnants  of  these  old,  high-level 
valleys  are  their  well-graded  walls  and  the  maturity  indicated  by 
their  flat-bottomed  floors.  This  floor  in  the  Flatwoods  area  is  nearly 
a  mile  wide.  The  old  drainage  channel  represented  by  the  Flatwoods 
is  regarded  by  W.  G.  Tight*  as  a  continuation  of  the  preglacial 
Teays  River. 

Similar  deposits  have  been  found  on  the  Little  Sandy  at  elevations 
closely  approximating  those  of  the  Big  Sandy,  and  though  the  corre- 
lation of  the  two  deposits  has  not  been  attempted,  it  is  probable  that 
the  benches  and  their  associated  gravels  on  Little  Sandy,  when  traced 
up  Ohio  River,  will  merge  into  those  on  Big  Sandy.  Silt  associated 
with  quartz  pebbles  has  been  discovered  at  lower  elevations  on  Little 
Sandy,  indicating  a  quiescent  condition  of  the  water  with  periods 
of  deposition  while  these  ancient  streams  were  probably  subsiding. 
Since  these  deposits,  as  developed  in  the  Kenova  quadrangle,  have  no 
economic  significance,  they  will  not  be  considered  further. 

CARBONIFEROUS  N¥8TEH. 

PENN8YLVANIAN    8KR1K8. 

Monongahela  formation. — The  Monongahela  in  Pennsylvania  was 
first  termed  the  "  Upper  Productive  Measures,"  since  it  marks  an 
epoch  in  which  several  workable  beds  of  coal  were  deposited.  The 
base  of  the  formation  is  marked  by  the  Pittsburg  coal.  In  accordance 
with  Dr.  I.  C.  'White's  correlation,  the  coal  at  the  top  of  the  hills  east 
of  Lett,  near  the  mouth  of  Gragston  Creek,  West  Virginia,  is  accepted 
for  the  time  being  as  the  Pittsburg  coal  and  as  marking  the  base  of 
the  Monongahela  formation.^  The  area  underlain  by  the  coal  does 
not  exceed  a  few  acres,  and  the  formation  is  represented  by  100  feet 
of  shales  with  a  massive  sandstone  at  its  base.  No  important  coals 
are  found  in  it  except  the  Pittsburg  bed. 

Conemaugh  formation, — The  Conemaugh  includes  the  rocks  lying 
below  the  Pittsburg  coal  and  above  the  Upper  Freeport  coal.  What 
is  regarded  as  the  Upper  Freeport  coal  with  its  overlying  massive 
Mahoning  sandstone  is  well  exposed  below  Louisa  in  the  vicinity  of 
Zelda,  and  on  Blaine  Creek  near  Fallsburg.  Above  the  sandstone 
which  forms  the  roof  of  the  Upper  Freeport  coal,  and  which  varies 
in  thickness  from  20  to  30  or  more  feet,  the  rocks  are  in  marked  con- 
trast with  the  rocks  below,  both  in  character  and  in  the  number  and 
importance  of  the  coal  beds.'*    The  massive  sandstone  is  probably  th(» 

•  Prof.  Paper  U.  S.  Geol.  Survey  No.  13,  1903.  For  a  very  complete  description  of 
Teays  River  to  the  east  of  thlH  area  see  M.  R.  Campbell,  Description  of  HuntinKton 
quadrangle;  Geologic  Atlas  U.  S.,  folio  69,  U.  S.  Geol.  Survey,  1900,  pp.  I.'-:). 

•West  Virginia  Geol.  Survey,  vol.  2,  1903,  pp.  191-192.  See  also  pp.  lG-17  of  this 
bulletin. 

•  Kentucky  Geol.  Survey,  vol.  C,  1884,  p.  60. 


6  IcfiNOMlfl   oiOLOGT   OF    KENOVA   QUADRANGLE. 


smiip  as  that  which  overlie.s  the  Waterloo,  Bajkys  Riiiu  Xo»  7,  or 
Upper  Freeport  ciml  of  tho  Ohio  geologists,  and  which  iiiakes  mwh  « 
striking  appeiirance  along  the  banks  of  Big  Sandy  River  near  iU 
mouth.  The  Loal  at  its  base  in  La%vrence  County,  Ohio,  is  I'eganJcMl 
by  the  geologists  of  that  State  as  higher  than  the  Hatcher  or  No.  i* 
eoal  of  the  Kentucky  I'eports." 

The  position  of  the  coal  under  consideration j  which  north  of 
Louisa  IS  immediately  below  a  massive  sandstone,  the  Mahoning  of 
Owen,  18  strong  evidence  that  it  conesiK>ndi4  more  probably  with  th^ 
coal  al>ove  the  Hatcher  l>ed.  Crandall,  however,  in  hLs  report  on  the 
gijology  of  Greenup,  Carter,  and  Boyd  counties,  explicitly  states  that 
coal  No.  8  of  the  Kentucky  survey  is  the  first  coal  below  the  Mahon- 
ing  sandstone  of  Owen,  and  follows  the  statement  with  the  words 
(liat  this  coal  is  commonly  known  as  the  Hatcher  f^um,*  In  another 
place "'  he  statoj  that  above  the  shales  containing  coals  Xos,  7  and  J^ 
occurs  a  coarse  ferruginous  sandstone,  the  Malioning  of  Owen  aiid 
Ijesquereux.  In  this  sandston«*  and  its  overlying  rock^s  are  founil 
coals  Nos.  Oj  10,  11,  12,  etc.  However,  -J,  J,  Stevenson,  in  his  descrip* 
tion  of  the  Allegheny  formation  in  Kentucky,''  interprets  CrandallV 
generalized  section  of  Gi-eenup,  Boyd,  and  Carter  counties  as  placing 
coal  bed  No,  9  below  the  Mahoning  sandMone* 

In  view  of  the  evidence  outlined  above,  the  coal  which  has  been 
opened  below  the  uiassivc  ^and.^tone  exposed  near  Zelda  and  Fa!!^- 
burg  is  regarded  as  the  Upper  Freeport  and  as  the  first  bed  above  the 
Hatcher  coal  or  No.  8  of  the  Kentucky  reports.  Normally,  thereforci 
it  would  be  No.  9  of  the  Kentucky  series,  and  instead  of  coming 
within  the  Mahoning  sandstone  would  occur  just  below  it,  as  in 
Pennsylvania. 

The  minimum  thickness  of  the  Conemaugh  formation  is  between 
oOO  and  400  feet.     It  is  almost  entirely  exposed  only  in  a  small  are* 
near  the  center  of  the  basin  in  the  hills  east  of  Lett,  W.  Va.    This 
may  be  due  to  a  possible  local  thinning  of  the  formation,  for  at  otb^^ 
points  near  the  center  of  the  basin,  west  of  Big  Sandy  Riverj  whe^ 
the  hills  rise  as  high,  nothing  is  apparently  known  of  the  existent 
of  the  Pittsburg  coal.     If  the  thickness  of  the  Conemaugh  fonnatia^ 
300  to  400  feet,  obtained  under  the  assumption  that  the  coal  in  tk^ 
hilltops  near  the  mouth  of  Gragston  Creek,  West  Virginia,  is  tt^ 
Pittsburg  bed,  is  compared  with  the  thickness  of  that  formation  ^ 
Charleston  and  Huntington  given  by  I.  C.  White,  some  question  ma^J^ 
be  raised  as  to  the  correctness  of  the  identification  of  the  Pittsburg 
bed.    White  makes  the  Conemaugh  800  feet  thick  at  Charleston  an^ 

»  See  section  by  E.  McMiUan,  Ohio  Geol.  Survey,  vol.  5,  1884.  p.  122. 

*  Kentucky  Geol.  Survey,  vol.  C,  1884,  p.  24. 

•Idem,  pp.  9,  10. 

'  Bull.  Geol.  Soc.  America,  vol.  17,  1006,  p.  128. 
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feet  at  Huntington.  However,  the  correctness  of  his  identifica- 
i  of  the  Upper  Freeport  coal  at  Charleston  has  been  questioned, 
b  David  White  and  J.  J.  Stevenson  placing  the  Upper  Freeport 
1  above  the  black  flint,  thus  reducing  the  thickness  of  the  Cone- 
jgh  formation  to  a  little  over  600  feet.  G.  H.  Ashley  has  been 
lined  to  reduce  it  to  530  feet  or  less.  The  section  of  the  Cone- 
jgh  formation  obtained  by  the  Ohio  geologists  in  Lawrence 
mty,  Ohio,  is  only  420  feet  thick,  suggesting  a  westward  thinning 
the  formation,  wiiich  is  in  full  accordance  with  the  westward 
ining  known  to  take  place  in  going  from  Pennsylvania  across  the 
handle  of  West  Virginia  into  Ohio.  If  the  coal  in  the  Kenova 
drangle  is  the  Pittsburg  bed,  the  thickness  of  the  Conemaugh  is 
ch  less  than  it  is  to  the  northeast  at  Huntington  and  slightly  less 
a  the  Ohio  geologists  make  it. 

Tie  rocks  of  the  Conemaugh  are  mainly  red  or  gi'eenish  shales, 
h  beds  of  limestone  and  iron  ore  and  in  some  localities  important 
s  of  sandstone.  The  fact  that  it  contains  no  workable  beds  of 
I,  together  with  the  sharpl}'  defined  character  of  its  rocks  as  con- 
»ted  with  those  of  the  formations  above  and  below,  serve  in  part 
i  basis  for  making  it  a  separate  formation.  The  members  of  the 
nation  in  this  area  are  generally  irregular  in  their  development, 

are  on  this  account  poor  guides  in  unraveling  the  stratigraphy. 
)  basal  member,  however,  which  is  tlie  Mahoning  sandstone,  is  very 
sistent  and  hence  a  valuable  guide  in  tracing  this  formation. 
e  PI.  Ill,  B.)  Above  this  sandstone  at  variable  intervals  occurs 
ither  persistent  limestone,  one  of  the  Cambridge  limestones,  which 
isually  capped  by  a  cliff-making  sandstone.  These  two  massive 
istone  members  occurring  near  tlie  base  of  the  Conemaugh  serve 
learly  demark  it  in  most  localities  from  the  underlying  rocks,  the 
■e  so  because  the  succeeding  higher  rocks  are  usually  red  shale. 
some  parts  of  the  quadrangle,  notably  near  the  mouth  of  Big 
idy  River,  the  basal  sandstone  is  unusually  thick  and  massive,  at- 
dng  near  Kenova  a  thickness  of  70  feet,  and  is  continuous,  with 

a  few  irregular  intercalations  of  shale,  east  to  Ceredo,  south  of 
eh  it  becomes  even  more  massive  and  attains  a  thickness  of  100 
,.  Above  this  sandstone  there  is  usually  a  small  coal,  which  may 
the  Brush  Creek  coal  of  Pennsylvania.  This  is  an  unimportartt 
,  though  it  has  been  worked  in  the  hills  opposite  Louisa.  It  will 
bably  not  be  of  any  great  commercial  importance  in  the  near 
ire.  The  Cambridge  limestone  overlying  the  Brush  Creek  coal  is 
3ry  persistent  member  and  is  a  most  valuable  guide  in  tracing  the 
is  of  the  Conemaugh.  In  many  places  it  consists  of  two  members, 
upper  and  a  lower,  as  shown  by  the  section  obtained  near  the  bed 
WThites  Creek,  about  1  mile  west  of  Potomac  (p.  181). 

4700^^—08 *2 
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In  the  western  part  of  the  quadrangle,  near  Willard,  this  limestone 
usually  occurs  as  a  single  layer.    At  Willard  it  is  found  near  the  hill- 
tops 180  feet  above  coal  No.  7,  but  the  interval  above  this  coal  is  in 
some  places  slightly  less  than  that.    This  limestone  has  a  very  char- 
acteristic appearance,  and,  owing  to  the  fact  that  it  is  highly  siliceous, 
it  withstands  weathering,  and  can  usually  be  found  at  its  proper  hori- 
zon.   Almost  directly  above  it  occurs  a  small  bed  of  coal,  locally  work- 
able.   Overlying  this  coal  at  a  varying  interval  is  a  massive  sandstones- 
The  distance  between  the  base  of  this  sandstone  and  the  limestorm^  e 
ranges  from  10  to  40  feet,  but  averages  about  35  feet    This  sancf^^' 
stone  is  rarely  more  than  25  to  30  feet  thick,  but  is  usually  massii       ^^ 
and  coarse  grained,  and  makes  prominent  outcrops.     Capping  th    ^^^^ 
sandstone  is  a  mass  of  red  shale,  near  the  base  of  which  occurs  a    luii^  i^^ 
bed  of  coal.    The  remainder  of  the  Conemaugh  is  prevailingly  re»  ^^sd 
and  for  the  most  part  the  rocks  are  shales  or  shaly  sandstones  with    --^  ' 
few  bands  of  massive  sandstone.     (See  PI.  Ill,  B,)     The  formaticz:^  oi 
contains  practically  no  workable  coal, 

AlUgheny   formation, — The   Allegheny   formation   underlies  tbK^^ 
Conemaugh  and  is  about  180  feet  thick  in  the  northern  part  of  tM^  ^h 
quadrangle,  but  in  places  it  varies  considerably  from  this  thickness,  s        * 
in  the  southern  pail  of  the  area,  where  the  thickening  of  the  Hom-^c^e 
wood  sandstone  seems  to  have  interfered  with  the  normal  develoj;  ^P- 
ment  of  the  Allegheny.     The  top  of  this  formation  is  the  top  of  tlKT  he 
Zelda  coal,  which  is  believed  to  correspond  to  the  first  bed  above  tl^Kle 
true  Hatchor  coal  of  Ohio,  and  hence  to  l)e  the  Upper  Freeport  co     ^»f 
of  Ohio  and  normally  No.  9  of  the  Kentucky  series.     The  base  of  t^Wie 
formation  is  demarkod  from  the  underlying  rocks  l>oth  on  paleont       o- 
logic  and  lithologic  grounds.     It  is  the  base  of  coal  No.  5  of  the  Ke^:^- 
tucky  series,  which  according  to  Stevenson  ^  corresponds  to  the  Broo  ''A- 
villo  coal  of  Pennsylvania.     This  coal  lies  practically  at  the  top  of^     a 
massive  sandstone  in  the  Kenova  quadrangle,  which  is  regarded  as  t^^^e 
equivalent  of  the  Tlomewood  sandstone  at  the  top  of  the  next  \o\r^^ 
(Pottsville)    formation.     In    the    western    part   of   the   quadrang"!-^. 
though  all  the  more  constant  members  of  the  Allegheny  are  prescE  ^^ 
the  formation  seems  to  be  thinner  than  in  the  region  around  Oh»^io 
River  and  to  ^lunv  considerable  variation.     On  one  side  of  the  h.iJl 
west  of  Willard  it  is  about  130  feet  thick,  but  on  the  other  side  it     is 
less  than  100  f(»et.     It  should  be  noted  that  in  this  district  the  Hoin^- 
wood  sandstone  thickens  to  100  feet,  and  in  general  it  may  be  said  th«t 
throughout  the  area  the  Allegheny  formation  tends  to  become  thin  fls 
the  underlying  Ilomewood  sandstone  thickens.     This  formation  ivas 
known  in  Pennsylvania  as  the  "  Lower  Productive  Measures,"  from 
the  fact  that  it  is  the  lower  of  the  two  groups  of  rocks  containing  valu- 
able coals.     It  also  contains  a  valuable  clay  deposit  in  this  part  of 

"  null,  r.eol.   Soo.   America,  vol.   17.   100«.  p.  128. 
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Kentucky.  In  addition  it  contains  beds  of  sandstone,  shale,  iron  oiie, 
md  limestone.  Unlike  the  formation  on  which  it  rests,  it  is,  as  a  rule, 
lot  decidedly  sandy,  and  the  character  of  its  fossil  plants  is  so  dis- 
inct  from  that  of  the  plants  in  the  Pottsville  as  to  warrant  its  sepa- 
ation  as  an  independent  formation. 

The  number  of  coals  present  in  the  Allegheny  formation  is  usually 
ot  more  than  six,  and  in  many  places  not  more  than  four.  The  low- 
st  coal.  No.  5  of  the  Kentucky  Survey,  lies  directly  on  the  Homewood 
Midstone.    It  is  locally  of  workable  thickness. 

An  important  member  in  this  formation  has  been  called  the  "  Fer- 
iferous  "  limestone  by  Andrews  in  the  reports  of  the  Ohio  Geological 
>urvey,  and  the  "  Hanging  Rock ''  limestone  by  Orton.*  It  is  the 
quivalent  of  the  Vanport  ("  Ferriferous ")  limestone  of  western 
Pennsylvania,  and  that  name  will  be  used  in  this  report. 

Its  relationships  in  the  Kenova  quadrangle  may  easily  be  made  out 
t  Cioalgrove,  opposite  Ashland.    (See  section  on  pages  30-31.) 

It  usually  lies  from  10  to  20  feet  above  the  top  of  the  Homewood 
andstone,  and  is  found  at  its  top  in  many  places  where  coal  No.  5 
3  absent.  It  is  generally  associated  with  an  important  clay  bed,  and 
»ii  this  account  has  an  economic  interest.  This  clay  ranges  in  thick- 
.«ss  from  4  to  6  feet.  The  next  higher  economic  member  in  this 
oimation  is  the  No.  6  coal  of  the  Kentucky  section,  known  in  the 
egion  about  Ashland  as  the  "  Limestone  coal "  and  in  Ohio  as  the 
Newcastle  coal."  It  is  commonly  found  20  feet  above  the  Vanport 
**  Hanging  Rock  ")  limestone. 

The  next  higher  coal  is  the  Coalton,  or  the  No.  7  of  the  Kentucky 
reological  Survey,  or  the  No.  6  or  Sheridan  coal  of  Ohio.  This  is  the 
3lebrated  Nelsonville  coal  of  the  Hocking  Valley.  It  is  the  most  im- 
ortant  bed  in  this  area  at  present  and  is  found  from  25  to  45  feet 
bove  coal  No.  6  and  from  40  to  50  feet  below  coal  No.  8,  the  next 
tj^her  bed  in  the  formation.  This  coal  No.  8  is  workable  in  parts  of 
le  quadrangle,  but  is  as  yet  comparatively  unimportant.  From  40 
>  50  feet  higher  in  the  scale  is  coal  No.  9,  which,  like  the  coal  below 
,  is  generally  a  thin  bed  and  only  locally  workable. 

Besides  the  coals  and  fire  clays  of  economic  importance  in  this 
>nnation,  various  beds  of  iron  ore  occur.  These  formerly  had  con- 
derable  importance,  but  at  present  have  little  or  no  value,  as  the 
iieaper  ores  of  Lake  Superior  and  Alabama  have  entirely  replaced 
lem  in  the  market.  The  general  sections  (PI.  IV  and  fig.  20)  show^ 
lie  beds  of  economic  interest  and  the  intervals  between  them. 

Pottsville  formation, — ^The  Pottsville  formation  is  the  lowest  in 
he  Pennsylvanian  series.  Its  base  is  the  top  of  the  Mississippian 
ieries^  on  which  it  rests  unconformably,  and  it  comprises  all  the  rocks 

•  Ohio  Geol.  Survey,  vol.  n,  pt.  1.  1878.  pp.  885  et  seq..  8012  et  seq. 
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to  the  top  of  the  Homewood  sandstone.    This  formation  is  separate^^ 
from  that  lying  below  and  from  that  above  on  both  lithologic  ancrl 
fossil  evidence.    The  entire  formation  is  exposed  in  the  northwester-^i 
part  of  the  quadrangle,  Where  it  has  a  thickness  of  between  350  an  ^i 
400  feet.     In  the  southeastern  part  of  the  area  it  has  a  thickness  c^f 
at  least  600  feet,  and  along  the  southern  edge  it  must  be  fully  cm.s 
thick.    General  sections  showing  the  character  of  the  rocks  of  tl^  5s 
formation,  as  exposed  at  different  points  of  the  area,  are  given  in 
PI.  IV.     The  rocks  of  this  formation  are  decidedly  sandy,  but  co^i- 
tain  occasional  beds  of  shale,  iron  ore,  limestone,  and  coal.     OwiMrm^ 
to  its  thickening  in  the  southeastern  part  of  the  area  and  the  intr-o- 
duction  of  coal  beds  not  represented  in  the  section  in  the  western 
part  of  the  field,  the  lowest  coals  in  the  area  are  believed  to  appe^ar 
in  the  section  along  Levisa  Fork  near  Gallup.    There  are  three    or 
four  of  these  beds,  and  the  thickest  of  them  is  not  over  2  feet  at  any 
point.    The  higher  coals  in  this  formation  are  all  locally  workable 
and  have  been  numbered  by  Prof.  A.  R.  Crandall  (PL  IV);    There 
are  usually  four  fairly  thick  coal  beds  in  this  formation,  but  at  some 
points  this  number  may  be  increased  to  five  and  even  six.     Detailed 
descriptions  of  these  coals,  together  with  the  intervals  which  separate 
them,  are  given  under  the  headings  of  the  various  districts. 

The  Pottsville  formation  also  contains  some  very  valuable  beds  of 
fire  cla3\  Most  noteworthy  of  all  is  the  l>ed  occurring  only  a  few 
feet  above  the  top  of  the  Maxville  limestone.  This  is  the  celebrated 
Sciotoville  fire  clay  of  Ohio.  Though  it  outcrops  over  a  very  small 
area  in  this  particular  quadrangle,  it  has  considerable  economic  im- 
portance to  the  west,  and  it  is  being  mined  at  j)resent  on  a  large 
scale  in  the  vicinity  of  Olive  Hill.  Other  beds  of  fire  clay  in  this 
formation  are  locally  workable,  notably  the  bed  a&sociated  with  coal 
Xo.  4,  which  has  been  worked  in  the  eastern  part  of  Ashland  and 
on  Catletts  Creek.  Nearly  one-half  of  the  entire  surface  of  this 
quadrangle  is  covered  by  rocks  belonging  to  the  Pottsville. 

MjssissirriAX  skriks. 

The  Mississippian  series  is  represented  by  a  massive  limestone, 
called  in  the  Kentucky  reports  "  Sub-Carboniferous  limestone,''  and 
in  those  of  Ohio  the  Maxville  limestone.  About  100  feet  of  the 
Waverly  group  is  also  present.  The  outcrops  of  the  limestone  are 
confined  to  the  western  part  of  the  area  and  are  limited  in  extent. 
West  of  Tygarts  Creek,  in  Greenup  County,  this  rock  is  present  in 
the  hills.  Here  it  does  not  exceed  a  thickness  of  25  feet,  being  under- 
lain by  100  feet  of  sandstone  and  shale  belonging  to  the  Waverly. 
A  small  outcrop  of  limestone  is  found  at  the  bend  in  Everman  Creek, 
Cartel-  County,  just  above  the  mouth  of  Wolf  pen  Branch,  and  again 
farther  up  the  creek,  just  at  the  edge  of  the  quadrangle.     The  lime- 
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tne  in  this  part  of  the  field  does  not  exceed  15  or  20  feet  in  thick- 
s.  It  is  usually  overlain  by  a  thin  band  of  iron  ore.  This  lime- 
ne  is  encountered  in  all  the  deeper  borings  for  oil,  in  both  the 
item  and  western  parts  of  the  quadrangle,  and  reaches  in  places  a 
ekness  of  several  hundred  feet.  The  total  thickness  of  the  Mis- 
sippian  rocks  outcropping  in  the  western  part  of  the  area  does  not 
seed  150  feet. 

IGNEOUS  ROCKS. 

Occurrence. — Igneous  rocks  in  this  quadrangle  were  noted  by 
ofessor  Crandall  many  years  ago.  They  are  found  in  the  hills  on 
:rh  side  of  Ison  Creek  west  of  Stephens,  Elliott  County,  and  about 
miles  southwest  of  Willard.  The  region  was  visited  by  J.  S. 
ller,  of  the  United  States  Geological  Survey,  in  1884,  and  as  a 
suit  of  this  trip  a  very  detailed  account  of  the  occurrence  and 
trography  of  these  rocks  was  published.^  The  rock  is  peridotite, 
d  owing  to  this  fact  is  of  more  than  usual  interest,  first,  because  it 
irs  a  resemblance  to  the  peridotite  of  South  Africa,  the  mother 
;k  of  the  diamond,  in  the  Kimlx^rley  district;  and  second,  owing  to 
3  relative  scarcity  of  this  type  of  igneous  rock  and  to  a  possible 
ationship  to  the  mica  peridotite  of  western  Kentucky.'*  In  an- 
ler  publication  Mr.  Diller  has  applied  the  name  of  kimberlite  to 
IS  rock  from  its  resemblance  to  the  South  African  rock.<^ 
Extent. — The  area  covered  by  the  rock  is  very  small,  not  more  than 
Few  acres.  The  outcrops  of  the  solid  ledge  are  not  numerous,  but 
iir  original  extent  is  not  difficult  to  trace,  owing  to  the  character- 
ic  minerals  resulting  from  weathering.  There  is  no  apparent  rea- 
1  why  the  various  isolated  masses  should  not  be  considered  parts 
a  single  intrusion,  as  all  appear  identical  in  mineral  composition. 
Character  of  rock. — The  groundnuiss  of  this  rock  is  compact,  gray- 
i  black  in  color,  and  porphyritic.  It  is  plentifully  specked  with 
enocrysts  of  olivine,  which  appear  to  be  very  fresh  and  unaltered 
d  give  a  grayish  tinge  to  the  rock.  Garnet  (pyrope)  and  titanic 
m  ore  (ilmenite)  are  also  easily  detected  and  in  the  field  were  found 
be  of  great  assistance  in  tracing  the  boundaries  of  the  decayed 
Iges.  Sections  of  biotite  are  not  uncommon.  Besides  thesi».  con- 
tuents,  which  are  readily  detected  in  the  hand  specimens,  the  chief 
naining  minerals  are  enstatite  and  a  small  amount  of  apatite.  In 
ices  the  olivine  has  been  altered  to  serpentine,  which  may  be 
idily  seen  in  hand  specimens,  and  which  in  thin  section  is  asso- 
ted  with  magnetite  and  some  carbonate,  presuuuibly  dolomite  re- 
ting  from  the  alteration  of  the  olivine.  This  rock  lias  been  so 
iroughly  described  by  Diller,  and  its  peculiar  characteristics  are 

•Bull.  U.  S.  Geol.  Survey  No.  3«,  18H7. 
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SO  well  pointed  out  in  his  publication,  that  it  will  not  be  further  con- 
sidered here. 

Age  and  relationskips. — ^The  sedimentary  rocks  throu^  which  the 
igneous  rock  has  forced  its  way  are  traceable  practically  up  to  the 
contact  and  strangely  enough  do  not  appear  to  have  been  even  flexed 
upward  along  this  zone.  Though  the  igneous  rock  has  broken  off 
masses  of  shale,  which  are  now  found  embedded  in  it,  this  is  surpris- 
ingly fresh  and  unaltered,  like  the  ordinary  black  shale  of  the  Penii- 
sylvanian  series.  Only  in  a  few  cases  are  metamorphic  effects 
markedly  visible.  In  some  of  the  baked  shale  secondary  mica  was 
seen  in  considerable  quantity.  The  color  of  the  shale  had  been  some- 
what reddened  and  the  sandstone  and  limestone  fragments,  which 
were  inclosed  by  the  igneous  rock,  had  been  baked  and  the  latter  con- 
verted to  quicklime. 

The  sedimentary  rocks  in  which  the  bulk  of  the  igneous  rock  is 
found  belong  to  the  Pottsville  formation,  but  as  some  of  the  igneous 
rock  is  found  in  the  Allegheny,  the  intrusion  is  Allegheny  or  post- 
Allegheny  in  age.  It  was  forced  into  the  carbonaceous  shale  and 
coal  beds  found  in  this  formation,  and,  owing  to  the  fact  that  the 
Kimberley  diamonds  occur  in  peridotite  penetrating  carbonaceous 
shale,  more  than  ordinary  interest  attaches  to  the  Elliott  County 
occurrence  of  peridotite.  This  interest  has  led  to  the  prospecting 
of  streams  in  the  neighborhood,  and  also  to  the  sinking  of  a  shaft 
70  feet  deep,  which  at  the  time  of  the  writer's  visit  (October,  1905) 
Avas  filled  with  debris.  During  the  spring  of  1906  it  was  reported 
that  another  j)r()spect  shaft  was  being  sunk.  As  to  the  presence  of 
diamonds  the  writer  has  no  authentic  information. 

STRUCTURE. 

MODE   OF   KEPl{>:SKXTINO   STRUCTURE. 

The  inclination  of  the  l)eds  to  a  horizontal  plane,  or  the  dip  of 
the  beds,  as  it  is  commonly  called,  is  measured  in  the  field  by  means 
of  a  clinometer  when  the  inclination  is  great  enough  to  be  suscepti- 
ble to  this  method.  In  but  few  localities,  however,  in  the  Kenova 
quadrangle  are  the  dips  sufficient  to  allow  this  mode  of  measurement. 
Where  this  method  is  nol  applicable  continuous  road  sections  are 
run  and  the  beds  are  correlated  from  hillside  to  hillside.  When 
the  elevation  above  mean  sea  level  of  a  given  sandstone,  coal,  or 
limestone  on  one  hill  and  ils  elevation  a  mile  or  so  away  have  been 
found,  the  rise  or  fall  of  this  particular  bed  in  feet  per  mile  is  at 
once  obtained.  By  connecting  points  of  equal  elevation  on  any 
selected  bed  the  contour  lines  for  that  bed  are  drawn.  On  the  map, 
PI.  I,  the  contour  interval  is  50  feet  and  all  points  having  altitudes 
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that  are  multiples  of  50  were  couiiected  by  black  Unea.  For  instance, 
in  drawing  the  600-foot  contour  line  those  points  in  the  area 
where  the  datum  selected  (the  top  of  the  Homewood  sandstone) 
reached  this  elevation  were  connected,  and  likewise  for  the  other  con- 
tour lines. 

The  top  of  the  Homewood  sandstone  was  selected  in  this  area,  on 
account  of  the  ease  with  which  this  bed  may  be  followed,  owing  to 
its  i)ersistence  and  relations  to  other  well-known  horizons.    Wliere 
it   failed  to  appear  above  drainage,  its  distance  b«Iow  other  known 
l>eds  was  used,  assuming,  of  course,  that  the  distance  was  constant 
^within  the  limited  area  where  this  means  was  employed.    Conversely, 
Trhen  the  dips  were  such  as  to  carry  the  top  of  the  Homewood  above 
the  hilltops  its  distance  above  known  beds  was  applied.    However, 
g^at  precision  was  not  obtainable,  as  such  intervals  are  subject  to 
%*ariation  all  over  the  region,  and  especially  in  the  areas  covered  by 
the   formations  above  the  Homewood.     Furthermore  the  elevations 
iBvere  obtained  by  means  of  aneroid  barometers,  which  are  liable  to 
sudden  variations  and  have  to  be  constantly  checked  against  spirit- 
level  elevations.    In  spite  of  these  sources  of  error,  it  has  been  thought 
advisable  to  draw  structure  contour  lines.    These  show  the  general- 
ized surface  formed  by  the  top  of  the  Homewood  sandstone,  and, 
less  precisely,  the  lay  of  the  overlying  and  underlying  beds.     The 
limit  of  error  may  generally  be  considered  a  contour  interval,  but 
where  the  beds  vary  in  thickness  as  they  do  in  this  area  it  may  be 
more.    This  mode  of  presentation,  in  addition  to  showing  the  struc- 
ture of  the  beds,  enables  us  to  estimate  the  elevation  of  the  top  of 
the  Homewood  sandstone  when  it  is  below  drainage.    For  instance, 
near  Zelda  the  400-foot  contour  line  was  drawn.     The  elevation  of 
Zelda  is  580  feet  above  mean  sea  level ;  therefore,  the  top  of  the  Home- 
wood  sandstone  should  be  at  a  depth  of  180  feet.    The  distances  of 
the  various  coal  beds  above  or  below  the  top  of  this  sandstone  being 
known,  their  depth  below  the  surface  may  in  turn  be  estimated  at 
this  point. 

DETAILED  DESCRIPTION  OF  8TRUCTTTRE. 

This  quadrangle  lies  at  the  southwest  end  of  the  great  trough 
formed  by  the  coal-bearing  rocks  of  the  xVppalachian  field.  The 
axis  of  the  trough  extends  southwest  from  near  Pittsburg,  Pa., 
and  the  trough  reaches  its  maximum  development  near  central 
West  Virginia.  From  this  point  southwestward  the  axis  slowly  rises, 
crossing  Ohio  River  a  little  east  of  the  quadrangle  and  reaching  Big 
Sandy  River  from  8  to  10  miles  above  its  confluence  with  the  Ohio. 
The  axial  line  follows  Big  Sandy  River  southward  for  2  miles  and 
gradually  curves  to  the  west,  pitching  upward  along  a  line  practically 
coincident  with  the  boundarv  between  Carter  Countv  and  Elliott 
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and  Lawrence  counties.  The  beds  south  of  the  axial  line  dip  noi  — ith 
and  northwest,  and  those  on  the  northern  side  dip  southeast.  Tl^^  lie 
dips  over  most  of  the  area  are  not  very  steep.  In  the  northern  tw  -^*^o- 
thirds  of  the  quadrangle  the  dips,  with  a  few  exceptions,  do  n^^KHot 
average  as  high  as  50  feet  per  mile.  Near  Catlettsburg  the  upp«^cDer 
part  of  the  Pottsville  formation  is  exposed  at  railroad  level,  b  ^^ut 
across  Big  Sandy  Kiver  the  lowest  rocks  exposed  in  the  cliffs  aloi^^cng 
the  Norfolk  and  Western  Railway  are  the  lower  sandstone  membe^^srs 
of  the  Conemaugh  formation;  thus  a  dip  of  more  than  50  feet  p^^^Dcr 
mile  is  involved  between  these  points.  Near  Willard  and  southwe^^Kst 
of  this  town  in  Carter  County  the  dips  are  above  the  average,  beii^c:  ng 
close  to  100  feet  per  mile.  The  steepest  dips  are  confined  to  tlT-^he 
southern  third  of  the  area.  This  belt  of  sharp  dips  is  about  6  miKI  les 
broad  south  of  Louisa,  but  it  narrows  westward  until  at  Blaine  it  -^  is 
not  more  than  a  mile  in  width.  West  of  this  town  the  beds  cur  -"—ffve 
gently  northwestward  around  the  head  of  the  basin.  The  dips  in  C-^:*h^ 
ridge  south  of  Louisa  are  fully  100  feet  per  mile.  Near  Adams  ai^  -^^ 
on  Right  Fork  of  Blaine  Creek  the  rocks  in  places  dip  300  feet  p^^^?^ 
mile.  The  steepest  dips  in  the  area  are  near  the  mouth  of  Ho^^docI 
Creek  in  the  eastern  part  of  the  town  of  Blaine.  At  the  bridge  or"^^^^®' 
Hood  creek  the  beds  are  inclined  11  degrees,  and  near  this  point  tv!^^  ^^ 
small  faults  were  discovered  by  Mr.  Ashley,  but  their  throws  a-^^^r* 
probably  not  great  (Miougli  to  materially  affect  the  structure  contouM^  MTs 
A  few  minor  flexures  are  involved  in  the  main  syncline.  In  tr  ::Mh(^ 
region  near  Irad  and  Osie,  Lawrence  County,  the  Homewood  san  .^rid- 
stone  thickens  toward  the  west  very  rapidly,  causing  a  slight  ar«^  -^^ 
in  the  overlying  beds,  but  west  of  this  district  the  sandstone  is  soni^^^  -^^" 
what  thinner  and  causes  a  slight  depression.  West  of  Cherok*  z^^^ 
Creek,  approaching  Elliott  County,  the  structure  seems  to  be  rath  .^ner 
irregular.  This  may  be  more  apparent  than  real,  and  the  irreg^  ^?*^" 
larity  in  the  contours  may  be  due  to  the  fact  that  they  are  based  c^  ^^^ 
but  few  outcrops  and  that  the  underlying  sandstones,  which  migC^^"^ 
serve  as  a  guide,  thicken  and  cut  out  the  coal  beds.  The  flattenir^^^ ^S 
of  the  beds  to  the  west  is  due  to  the  dying  out  of  the  xVppalachir:^  ^^^ 
folds  as  the  Cincinnati  arch  is  approached.  West  of  this  quadran^^^S^^ 
the  beds  gradually  rise  to  the  apex  of  this  arch,  and  this  gradu  ^^^^1 
rise  is  indicated  in  the  contours  west  of  Little  Sandy  River. 

MINKIIAI.  KKSOIUCKiS. 

GENERAL  STATEMENT. 

In  an  area  of  sedimentary  rocks,  like  the  Kenova  quadrangle,  ^^ 

which  the  chief  deposits  aiv  sandy  or  clayey,  it  is  useless  to  attemf^J^^ 
to  find  such  metals  as  gold,  silver,  and  lead  in  paying  quantiti^^^ 
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lall  amounts  of  lead,  zinc,  and  iron  sulphides  do  occur  in  the  clay- 
lestone  concretions  in  the  shales  of  the  Carboniferous  system,  but 

I  amount  of  such  material  is  so  small  as  to  be  entirely  negligible, 
i  time  devoted  to  the  search  for  the  precious  and  base  metals  will 
fruitlessly  spent.  On  the  other  hand,  the  coal  and  fire-clay  beds 
y  repay  more  careful  prospecting  than  has  heretofore  been  given 
!m,  and  perhaps  to  a  less  extent  this  is  also  true  of  the  alluvium 
the  stream  beds,  the  shale,  the  limestone,  and  the  sandstone  beds. 

COAL. 

ilVorkable  beds  of  coal  are  scattered  througli  nearly  the  entire  geo- 
;ic  column,  as  developed  in  this  area,  up  to  and  including  the  cele- 
ited  Pittsburg  coal  at  the  base  of  the  Monongahela  formation. 
e  names,  positions,  and  relationships  of  these  coals  are  given  in 
J  general  columnar  sections  (PI.  IV)  and  also  in  the  local  sections. 
rhese  coal  beds  vary  somewhat  in  character  but  inchide  most  varie- 
3  of  the  bituminous  class.  The  bulk  belong  to  the  harder,  bitumi- 
Lis  variety,  and  in  many  places  have  a  splinty  aspect.  The  coals,  as 
•ule,  break  into  rather  thin  slabs  along  charcoal  layers,  and  hence 
y  be  classed  as  semiblock  coals.  As  a  rule  they  ai'e  unsuitable  for 
ring,  but  after  washing  some  of  them  give  fair  satisfaction.  Coal 
'.  6,  or  the  Winslow  coal,  which  has  l)een  mined  for  several  years 
Winslow,  has  been  washed  and  coked  by  the  Ashland  Iron  and 
ning  Company  for  use  in  the  company's  furnaces  at  Ashland,  and 
s  always  proved  fairly  satisfactory  when  mixed  with  a  small 
ount  of  some  standard  coke  or  when  coked  with  a  small  amount 
some  standard  coking  coal.  All  the  coals  give  excellent  results 
en  used  for  ordinary  steam  and  domestic  purposes.  Nearly  all 
ir  well  transportation  and  stocking.  Coal  No.  7,  or  the  Coalton 
il,  which  ranks  with  and.  is  stratigraphically  equivalent  to  the 
nous  Nelsonville  coal  of  Ohio,  has  l)een  and  is  still  used  by  the 
bland  Iron  and  Mining  Company  in  its  blast  furnaces  at  Ashland. 
Ordinary  bituminous  coal  is  frequently  associated  with  the  splinty 
riety  in  most  of  the  coal  beds.    It  is  finely  interlaminated  with  a 

II  splint  in  many  of  the  l)enches,  and  in  other  places  it  forms  com- 
ite  benches  by  itself.  This  is  sometimes  the  case  with  the  Winslow 
il,  the  bottom  bench  of  which  is  usually  of  the  soft  bituminous 
riety  and  contrasts  with  the  harder  splinty  typo  of  the  two  upper 
iches.  Certain  beds  in  restricted  areas  contain  benches  of  cannel 
l1,  for  example,  the  coals  now  being  worked  by  the  Kentucky  Cannel 
al  Company  at  Boghead  and  Himnewell.  Sections  obtained  at 
•ghead  show  the  character  of  these  two  coals  at  this  point. 
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PennaylYania  names. 


Pittsboig  sandstone. 
I  Pittsburg  coal 


Ames  limestone , 

(Pine  Creek  oiLColeman  limestone. 
\Brosh  Creek  limestone 

nrasb  Creek  coal 

Mahoninic  sandstone 


Upper  Freeport  coal 

Lower  Freeport  coal 

iiiddlc  kittannin^V^i ! 


Lower  Kittanningcoal. 


Vanportor  Ferriferous  limestone. 


BrookYillecoal. 


Home  wood  sandstone., 
Upper  Mercer  coal 


Lower  Mercer  coal . 
Quakertown  coal. . . 


Sharon  coal 

Sharon  conglomerate. . 


Greenbrier  limestone  or  Big  lime. 


Bnrgoon  sandstone  or  Big  Injun 
sand. 


Ohio  names. 


Kentucky  names. 


Pittsburg  coal. 


Ames  limestone j 

Upper  Cambridge  limestone j  Upper  Cambridge  limestone. 

Lower  Cambridge  limestone  . .  .<  Lower  Cambridge  limestone. 


Mahoning  sandstone I  Mahoning  Handstone. 


Bayleys  Run,  Waterloo,  or  No.  ]  No.  9  coal. 

7  coal.  I 

Hatcher  or  No.  6  A  coal No.  8  coal. 


Sheridan.  Nelson ville,  Straits-     No.  7  coal, 
ville,  Lower  Waterloo,  Ash- 
land, Mineral  City,  or  No.  6 
coal. 


Newcastle  or  No.  5  coal . 


No.  6,  Keyes  Creek,  River  Hill, 
or  Limestone  coal. 


Hanging  Rock  or  Ferriferous  I 
limestone.  ' 


No.  4  coal .* No.  5c(ml 


No.SAooal 

Lower  Mercer  coal . . 
Quakertown  coal 


No.  4  coal. 


. . ,  No.  3,  McHenrj-'s,  or  Torchlight 

coal. 
. .   No.  2  coal. 
...  No.  1  or  Barrett  Creek  coal.a 


Jackson  Shaft  coal . . . 
Sharon  conglomerate. 


Sciotoviiie  or  Logan  Are  clay. .'. 


Maxton  sand. 


Max  ville  limestone • |  Subcarbonlferuus  limestone. 

Waverly  group Waverly  series. 

Logan  formation   (?),    Black-  !  Big  Injun  sand, 
hand  formation,  or  (Cuyahoga 
formation.  i 

Sunbury  shale < 

Berea  sandstone 

Bedford  shale 


Ohio  shale. 


Ragland  sand. 

Ohio  or  Chattanooga  shale. 


a  See  p.  93. 
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I  It  is  reported  that  the  caDiiel  layers  are  erratic  in  tJioir  oecurrentie, 
Ijping  as  liable  in  No.  ;^  lied  to  0(*cur  in  the  top  as  in  the  middle  benck 
In  the  hill  southeast  of  Huiincwell  the  middle  bench  is  eaiinel  coaL 
In  Elliott  County,  near  the  woMern  edge  of  the  quadrangle,  in  the 
hills  west  of  Stephens  and  north  of  Fielden,  there  is  an  iraportnni 
cannel  bed  well  up  in  the  top  of  the  hill.  Old  openings  were  observed 
by  the  writer,  but  there  was  no  opportunity  to  measure  the  coaL 
G.  H.  Ashley  found  the  cannel  layer  4  feet  thick  in  places  in  the 
hills  south  of  Critches. Creek.  This  coal  bed  lies  about  50  to  60  feet 
above  the  top  of  the  Homewood  sandstone  and  is  tentatively  corre- 
lated with  the  Winslow  or  No.  6  coal  of  the  country  to  the  east.  On 
Hilton  Branch,  southwest  of  Willard,  a  rather  thick  bed  of  cannel  has 
been  worked  in  a  small  way.  The  seam  was  opened  on  the  land  of 
William  Corey  and  Elijah  Sturgill.  At  the  opening  on  Mr.  Corey's 
property  the  coal  measured  29  inches  of  cannel  with  more  lying  below 
unseen  on  account  of  the  water  which  nearly  filled  the  opening.  Mr. 
Sturgill,  jr.,  reports  36  inches  of  cannel  overlain  by  8  inches  of  bitu- 
minous coal,  capped  by  a  sandstone  roof.  The  Brush  Creek  coal  of 
Lawrence  County  also  contains  a  cannel  layer.  Besides  these  beds  of 
cannel  coal  there  are  others  containing  sufficient  volatile  hydrocarbons 
to  class  them  with  the  cannel  coals.  This  is  the  case  with  certain 
layers  in  the  Torchlight  or  No.  3  coal  of  Levisa  Fork,  Lawrence 
County,  while  the  "  Little  Cannel  "  bed  lying  140  feet  below  No.  3 
at  Torchlight  contains  a  band  whose  analysis  shows  55  per  cent  of 
volatile  matter.  PL  IV  and  the  table  on  pages  26-27  show  the  rela- 
tions of  the  various  coals  and  their  equivalents  in  Pennsylvania,  Ohio, 
and  Kentucky. 
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GENERAL  SECTIONS  SHOWING  RELATION  BETWEEN  THE  COALS  IN  THE  KENOVA  QUAD- 
RANGLE AND  THEIR  EQUIVALENTS  IN  PENNSYLVANIA,  OHIO.  AND  KENTUCKY. 
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CLAY. 

The  clftys  of  the  Kenova  quadrangle  are  all  sedimentary  in  origin 
and  have  reached  their  present  position  through  the  agency  of  water. 
They  may  be  divided  as  regards  both  age  and  adaptability  into  two 
classes.  First,  the  bedded  clays,  and,  second,  the  recent  unconsoli- 
dated silts  or  clays  of  the  stream  valleys.  Of  the  former  class  two 
beds  are  prominent. 

The  higher  of  the  bedded  clays  is  that  occurring  near  the  horizon 
of  the  Vanport  ("  Hanging  Rock  ")  limestone,  about  10  to  40  feet 
above  the  top  of  the  Homewood  sandstone.  Though  not  so  important 
as  the  lower  fire  clay  at  Olive  Hill  (the  Scioto ville  clay  of  Ohio)  in 
the  northeastern  part  of  Kentucky,  yet,  when  taken  as  a  whole,  it  is 
of  far  greater  importance  in  the  Kenova  quadrangle.  On  the  eco- 
nomic map  the  red  line,  except  along  Tygarts  and  Everman  creeks, 
Carter  (^ounty,  may  be  taken  as  the  outcrop  of  the  Vanport  ("  Hang- 
ing Rock  ")  limestone  with  its  associated  clay.  Detailed  descriptions 
of  the  characteristics  of  this  clay,  as  noted  at  different  localities,  are 
given  on  pages  113-117. 

The  lower  of  the  two  important  clays  occurs  a  few  feet  above  the 
Maxville  limestone  and  is  one  of  the  most  important  fire  clays  of 
northeastern  Kentucky  and  southern  Ohio.  This  is  the  celebrated 
Sciotoville  clay  of  the  Ohio  Geological  Survey  reports,  less  widely 
known  as  the  Logan  clay.  It  has  been  extensively  mined  at  Scioto- 
ville and  in  the  region  around  Portsmouth,  Ohio,  and  is  also  mined 
on  a  large  scale  at  Olive  Hill,  Ky.,  and  in  the  valley  of  Tygarts 
Creek,  which  cuts  across  the  northwestern  corner  of  this  quadrangle. 
In  this  area  the  fire  clay  appears  at  a  few  points  near  the  westeni 
boundary  and  these  occurrences  are  described  in  detail  on  page  118. 

The  recent  clays  of  the  flood  plains  of  the  rivers  and  small  streams 
are  widespread,  even  the  smallest  streams  having  in  places  extensive 
deposits.  Those  which  are  worked  at  present  are  confined  to  the  Ohio 
Valley,  where  there  is  a  local  market,  cheap  coal,  and  convenient 
transportation  facilities.  This  flood-plain  clay  is  suitable  chiefly  for 
ordinary  building  brick,  tile,  shingles,  etc. 

Other  important  clays  are  found,  but  they  are  not  so  pei*sistent  as 
those  noted  above.  Among  those  of  less  importance  is  the  fire  clay 
associated  with  coal  Xo.  4  at  Ashland  and  Catlettsburg  and  in  the 
hills  northwest  of  Willard,  near  the  headwaters  of  Johns  Creek. 

Besides  clays  proper  there  is  in  the  Carboniferous  rocks  over  the 
entire  quadrangle  an  abundance  of  raw  material,  such  as  ganister 
(siliceous  clay)  and  numerous  shale  beds,  which  thus  far  has  not 
even  been  prospected.     This  no  doubt  would  make  brick  of  fair  grade. 
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MIHCELLANEOUS  ECONOMIC  PRODUCTS. 

The  less  important  resources  of  this  area  are  limestone  and  iron 
ore,  sandstone,  oil,  gas,  glass  sand,  and  salt.  These  commodities  will 
be  considered  in  detail  in  a  subsequent  part  of  this  bulletin. 

DESCRIPTION  OF  COAL  RESOURCES  BY  DISTRICTS. 

For  convenience  in  reference  and  froL*  a  commercial  rather  than 
a  scientific  point  of  view  the  coal  resources  of  this  area  are  described 
by  districts  whose  boundaries  have  been  chosen  so  that  each  district 
may  coincide  as  closely  as  possible  with  the  country  naturally  tribu- 
tary to  a  certain  railway  line  or  other  highway  of  communication. 
These  districts  are  as  follows : 

1.  Ohio  district. 

2.  Big  Sandy  VaUey. 

3.  District  tributary  to  the  LouisviUe  and  Lexington  Railroad,  or  Cheaapeake 
and  Ohio  Railway  district. 

4.  Little  Sandy  Valley,  or  main  Eiistem  Kentucky  Railway  district. 

5.  District  tributary  to  the  southern  terminus  of  the  Eastern  Kentucky  Rail- 
way. 

OHIO  DIBTRICT. 

EXTENT. 

Only  tho  southern  part  of  Lawrence  County,  Ohio,  including  parts 
of  Fayetto,  Pc^rry,  and  Upper  townships,  is  inchided  in  the  Kenova 
quadrangle. 

STRATlOItAPHY. 

The  rocks  exposed  in  Ohio  comprise  the  whole  of  the  Allegheny 
and  parts  of  the  Uoneinaugh  and  Pottsville  formations.  The  total 
thickness  represented  is  in  round  numbers  about  600  or  700  feet.  The 
following  section,  obtained  near  Coalgrove  depot,  gives  an  excellent 
idea  of  the  Allegheny  formation  and  the  lower  part  of  the  Cone- 
maugh  as  developed  at  this  point.  The  numbers  of  tlie  coals  are 
those  of  the  Kentucky  series. 

Srrfitm  mar  ("oalijrovr  depot, 

C'oneniaujjh  formation:  Feet. 

SnndstoiM'.  ljnninatP<l  25 

Shale,  nMl  and  ^rrccn 25 

Liin(»st()iio.    fossiliferons    ( ('anibri(lj;«M 1 

SandstniM*.  laminated  _     _   ._   _    _. 20 

Shale  ___     .        10± 

Sandstone,    laniinatefl       36 

AUejrheny  formation  : 

Coal  bloom   iiinsithm  uf  coal  \o.  9). 

Concealed 50 

Posit  ion  of  coal  No,  S, 
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Allegheny  formation — Continued.  Peet. 

Concealed  and  slialy  sandstone 44 

Coal  Nq.  7. 

Sandstone,  massive 33 

Coal  No.  6. 

Sandstone,  massive 40 

Clay,  massive  flint 1 ll-H 

Clay,  plastic , 5 

Limestone    ("Hanging  Rock") 4 

Fire  clay If 

Concealed 5 

Probable  poaitUm  of  (mal  No.  Ji. 

e  Conemaugh  formation  in  the  Coalgrove  section  is  typical  so 
8  it  goes,  with  the  exception  of  the  basal  sandstone.  This  is  not 
ily  laminated,  but  is  very  massive  near  the  eastern  edge  of  the 
rangle  (PL  III,  5,  p.  14).  The  massive  character  of  this  basal 
ber  is  well  shown  near  the  Norfolk  and  Western  Railway  bridge 
North  Kenova  and  on  the  county  road  joining  the  riVer  pike 
of  Burlington.  This  sandstone  forms  prominent  cliffs  nearly 
long  Ohio  River  in  this  area  and  in  West  Virginia  as  well.  The 
3r  beds  of  the  Conemaugh,  not  shown  in  the  section  at  Coal- 
3,  are  well  exposed  in  the  hills  back  of  Burlington  and  Sybene 
n  general  away  from  Ohio  River,  and  consist  chiefly  of  red  shale 
sandstone,  occasional  limestones,  which  are  more  or  less  per- 
it,  and  small  coal  beds,  rarely  of  workable  thickness.  In  the 
m  part  of  the  Ohio  district,  in  Fayette  Township,  the  surface 
e  country  is  made  up  chiefly  of  shales  of  the  Conemaugh,  with 
sandstones  and  small  and  unimportant  coal  beds.  This  region, 
;h  very  hilly,  is  fertile  and  well  adapted  to  the  growing  of  fruits 
farm  products,  and  is  under  general  cultivation  (PL  III,  A^ 
) .  Since  this  formation  is  of  little  economic  interest,  it  will  not 
)Osidered  further. 

le  Allegheny  is  fairly  developed,  with  the  exception  of  coal  No. 
Ohio  nomenclature,  PL  IV).  This  coal  was  not  seen  in  the  sec- 
at  Coalgrove,  but  the  higher  coals  were  all  seen  at  one  point  or 
ler  in  this  State.  The  Allegheny  formation  is  present  in  all  the 
in  Upper  and  Perry  townships,  but  the  eastern  dips  cause  it  to 
)pear  near  North  Kenova,  just  east  of  the  Norfolk  and  Western 
wray  bridge.  The  thickness  of  the  Allegheny  is  about  180  feet, 
highest  coal  bed  present  in  this  formation  is  the  Upper  Freeport, 
h  lies  either  immediately  or  at  a  small  distance  below  the  Mahon- 
»andstone.  Its  bloom  is  fairly  widespread,  though  it  does  not 
to  have  been  worked  to  any  extent.  This  coal  is  the  Waterloo 
o.  7  of  the  Ohio  Geological  Survey.  Thirty  to  fifty  feet  below 
curs  the  Hatcher  of  the  Ohio  and  Kentucky  geological  surveys. 

•  No.  r>  In  the  Kentucky  series. 
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111  Ohio  it  is  Xo.  CA  hii*1  in  Kentucky  No,  8,     E,  McMillan  *»  has  cor- 
relateii  it  with  th«  Lower  Fre^port  of  Pennsylvania*     The  most  im- 
port ant  coal  in  thi^^  part  of  Ohio  is  foinul  100  feet  beh>w  the  ba^a  of 
the  Malioning  sandstone*     It  is  known  as  the  *Shericlan  or  No*  (I  cm} 
ill  Ohio.    In  Kentncky  it  is  also  import  tint  and  iit  known  as  tht^  No. 
7  or.Coahoii  coaL    The  Ohio  ^HilngiHts*"  have  correlated  it  w^ith  the 
Miclrlle  Kittanning  c<mK     Between  these  three  coals  are  two  Ik'(1h  ut 
liniestone.  hi  many  place?^  assaciateil  with  iron  i>re.    The  nia.ssive  mni- 
stone  overlying  the  Coal  ton  coal  serves  as  a  niean.s  for  locating  wnd 
f <  >  1 1  f  J  w  i  ng  i  t .    A  boij  t  30  to  4  0  f  e*  1.  I  a  *  1  o  w  1 1  le  Coa  1  ton  coa  1  aiiot  he  r  i*er- 
sisteut  bed  is  found,  known  an  tlie  Newcastle  coal^  or  Xo.  5  bed  (Xa 
ft  of  Kentucky )*    It  is  U*st  Htnui  at  Conlgrove,  wiiere  it  lies  H3  feet 
lielow  the  Coalton  coal,  the  interval  being  occu]jied  by  a  very  inasnife 
sandstone* 

The  lowest  stratum  of  ecoooniic  importance  in  the  Alleghetay  i^ 
the  clay  associated  with  the  Vanport  (**  Hanging  Rock")  liine^oiif. 
The  bed  is  alK>ut  75  feet  below  the  Coalton  coal  and  is  capped  liy  a 
very  massive  sandstone.  No  other  beds  of  economic  value  wert^  ji?wii 
nb^lve  dniinop*  level  in  this  area. 

Only  a  very  small  part  of  the  Pottsville  formation  is  shown,  prob- 
ably not  more  than  20  to  ii5  feet,  and  this  is  in  the  vicinity  of  th*^ 
Coal  grove  section*  The  Homewood  sandstone  on  t  crops  near  Coal' 
grove  depot,  and  although  No.  4  coal  of  the  Ohio  Survey,  or  tb«t 
resting  directly  on  the  Homewood  sandstone,  is  not  kuown  in  this  I 
immediate  neighborhood,  it  has  been  recognized  in  the  vicinity  of 
Ironton,  not  more  than  a  mile  to  the  west,  by  the  Ohio  geologists.* 

THE    C50ALS. 
UPPER  COALS. 

The  upper  coals  in  the  Allegheny  formation  and  the  coals  in  the 
Conemaugh  have  little  or  no  importance  in  this  part  of  Ohio.  The 
Hatcher  coal,  No.  8  of  the  Kentucky  Survey,  and  the  Upper  Free- 
port  have  been  opened  in  a  few  places  on  Lick  Creek,  about  li 
miles  east  of  Sheridan,  and  near  the  residence  of  R.  H.  Henshaw 
on  Little  Ice  Creek.  In  the  summer  of  1905  openings  on  these  upper 
coals  were  fallen  shut  and  no  measurements  could  be  obtained. 
According  to  the  Ohio  State  reports  the  Upper  Freeport  coal,  which 
is  known  as  the  Bayleys  Run  or  Waterloo  coal,  is  4  feet  thick  near 
Ironton,^  and  in  the  general  section  given  by  McMillan  «  it  is  repre- 
sented as  averaging  6  feet.    In  quality  these  coals  are  inferior  to  the 

•Ohio  Geol.  Survey,  vol.  5,  1884,  p.  122. 

»Qhlo  Geol.  Survey,  vol.  3,  pt.  1,  1878,  section  opposite  p.  928. 
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Z!oalton  coal,  and  under  present  conditions  probably  could  not  be 
narketed.  They  have  furnished  up  to  the  present  time  a  small 
imount  of  fuel  for  V>cal  consumption  and  will  probably  continue 

0  do  so  for  a  numboi:  of  years. 

SHEBIDAN  COAL  OF  OHIO    (COALTON   COAL  OF   KENTUCKY). 

Position. — The  Coalton  coal  is  100  feet  below  the  Upper  Freeport 
x>al  and  about  50  feet  below  the  Hatcher  or  Lower  Freeport  bed.  It 
las  been  correlated  with  the  Middle  Kittanning  coal  of  Pennsylvania. 
[n  this  report  the  name  Coalton  coal  will  be  applied  to  this  bed,  since 
n  Kentucky  it  was  originally  worked  at  Coalton,  and  was  widely 
mown  under  this  name.**  It  is  the  second  bed  above  the  Vanport 
"  Hanging  Rock  ")  limestone  and  ore. 

Extent, — This  coal  has  been  known  and  worked  for  many  years 
[1  the  Hanging  Kock  region.  According  to  the  Ohio  Geological 
lurvey  reports,^  it  is  identical  with  the  celebrated  Nelsonville  or 
Itraitsville  coal  of  the  Hocking  Valley.  Up  to  the  present  time  it 
as  proved  to  be  by  far  tlie  most  important  commercial  coal  in  this 
uadrangle,  and  in  Kentucky  much  of  it  lying  above  drainage  level 
as  been  removed.  In  Ohio,  however,  little  has  been  removed  above 
irainage  level  and  none  below. 

As  it  occurs  30  to  40  feet  above  the  next  lower  coal  its  outcrop 
vill  be  found  above  drainage  level  farther  to  the  east  than  the  out- 
crop of  the  lower  bed,  but  the  area  above  drainage  level  underlain 
3y  it  is  comparatively  small,  being  not  more  than  one-tenth  of  that 
part  of  Ohio  included  within  this  quadrangle.  It  is  present  in  all 
the  hills  near  Coalgrove,  Forestdale,  and  Sheridan;  in  the  hills  well 
ip  on  Little  Ice  Creek,  and  also  along  Ohio  River  to  a  point  about 

1  miles  above  Sheridan.  (See  PI.  T.)  Beyond  this  point  it  is  hidden 
yy  the  flood-plain  deposits.  Near  Xoi-th  Kenova,.just  east  of  the 
bridge,  no  flood  plain  is  present,  and  a  coal  which  may  possibly  be 
referred  to  the  Coalton  bed  lies  nearly  at  the  river's  edge.  It  is 
ibout  55  feet  below  road  level  and  is  now  worked  in  a  small  way 
jy  B.  J.  Davidson  and  Will  Dillon.  West  of  the  bridge  a  few  old 
openings  on  this  bed  were  observed,  but  they  are  fallen  shut  and  the 
thickness  of  the  bed  could  not  be  determined.  Just  east  of  the 
Davidson  and  Dillon  openings  the  coal  disappears  below  Ohio  Eiver. 

Development, — This  coal  is  not  now  worked  on  a  connnercial  scale, 
3ut  the  reason  is  evidently  not  the  scarcity  of  material,  as  there  is 
m  ample  supply  of  good  coal  still  above  drainage  level.  The  old 
Sheridan  Company  ceased  operations  more  than  twenty  years  ago. 

•Kentucky  Geol.  Survey,  vol.  (\  1884,  p.  122. 
►Ohio  Geol.  Survey,  vol.  3,  pt.  1,  1878,  pp.  917-918. 
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At  present  the  coal  is  of  importance  simply  as  a  soiiree  of  local  supply 
and  has  been  opened  at  many  points  where  its  outcrop  approacte 
drninage  level,  notably  on  Little  Ice  Cn?ek  and  its  brancliea  east  ot 
FoH'stdale,  and  in  the  hills  along  Oliio  River  near  SheridafL 

f'/iaracfej\—^T\it  Sheridan  coal  in  general  ranges  in  thickness  frow 
about  3  to  4  feet,  but  in  places  exceeds  the  latter  figrii'e.     As  a  r^^ 
it  has  a  small  bony  parting,  an  inch  or  less  thick,  lying  from  2  tc:»  ^^ 
inches  fruni  tlie  roof.     The  upper  of  its  two  benches  is  usually  al.>*^^* 
\%  fw>t  thick;  the  lower  or  main  bench  varies  from  2  tu  3  feet-     Sot*^^' 
east  of  Lick  Creek  the  two  benches  are  represented  by  a  single  be*^*''^ 
of  2r*  to  27  inches  (section  X  fig*  1)*     The  different  measuiTm^^*'* 
of  tliis  bed  obtained  in  this  field  are  given  in  fig,  L     It  is  possil^*^ 
that  a  third  l)ench  exists  in  places,  for  in  Kentucky  this  very  cc^n^* 
monjy  appears* 

The  Coalton  coal  h  a  hard,  aplinty  coal,  breaking  along  charc5^>^^ 
layers  into  slabs,  which  range  from  C  to  8  inches  in  thickness.     It    ^ 
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Fig.  1.— Sections  of  Allegheny  coals  in  Ohio.  Coal  No.  7 :  1,  Blisabeth  Wise,  Little  1<* 
Creek;  2,  John  Ide,  Sheridan;  3,  William  Talbot,  1  mile  southeast  of  Sheridan  «  i 
Henry  Wineka,  Lick  Creek ;  5,  east  of  Forestdale.  Coal  No.  6 :  6,  country  bank  n^>rtli 
of  Coalgrove ;  7,  Harry  Smith,  north  of  Coalgrove.     Scale,  1  inch  -»  5  feet 


too  high  in  sulphur  to  make  a  first-class  coke,  therefore  it  will  be  ii^sed 
chiefly  as  a  steam  and  domestic  coal,  being  well  adapted  for  stove  ^nd 
grate  use.  The  analyses  of  this  coal,  given  on  page  71,  are  <3is- 
cussed  on  pages  71-72. 

The  roof  of  the  coal  is  in  some  places  massive  sandstone  and  in 
others  shale.     The  sandstone  which  overlies  or  underlies  the  coal 
becomes  abnormally  thick  in  places  and  cuts  it  out  almost  completely, 
leaving  but  a  few  stringers  of  coal  to  represent  the  bed.     Such  is  its 
condition  along  the  Ohio  River,  opposite  the  eastern  suburbs  of 
Ashland,  where  the  sandstone  of  the  lower  part  of  the  Allegheny 
formation  is  abnormally  thick.     For  this  reason  the  coal  is  not  visible 
in  many  places  where  its  horizon  is  exposed.    It  is  reported  also 
to  be  absent  just  west  of  Forestdale. 

Economic  features. — Owing  to  the  southeast  dips  which  prevail  ^ 
this  district  the  proper  points  for  opening  mines  on  this  coal  bed 
are  on  the  southeast  flanl^  of  the  hills.    In  sinking  shafts  care  should 
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I  exercised  to  place  them  with  a  view  to  working  up  the  dip  or  in  a 
irthwest  direction.  The  situation  of  the  district  with  respect  to 
arket  and  transportation  could  hardly  be  improved.  Many  of  the 
rge  cities  of  Ohio  and  Kentucky  lie  within  a  radius  of  100  miles, 
id  either  railway  or  the  very  much  cheaper  river  transportation 
convenient,  the  Ohio  being  navigable  the  year,  around  well  above 
is  point. 

No  estimate  is  attempted  of  the  amount  of  coal  of  workable  quality. 
may  be  sufficient  to  state  here  that  the  Coalton  bed  underlies  about 
ae-tenths  of  that  portion  of  Ohio  included  in  this  quadrangle,  and 
ere  is  no  apparent  reason  for  supposing  that  it  will  not  prove  work- 
le  in  almost  its  entire  area. 

NEWCASTLE  COAL  OF  OHIO    (WINSLOW   COAL,   OB  NO.  6,  OF  KENTUCKY). 

Extent  and  development. — The  lower  of  the  workable  coals  in  Ohio 
s  been  called  in  the  State  reports  the  Newcastle  or  No.  5  coal,  and 
considered  by  Orton  and  the  Ohio  geologists  as  the  equivalent  of 
B  Lower  Eattanning  coal  of  Pennsylvania.  (See  PI.  IV,  p.  28.) 
s  it  is  the  first  coal  bed  of  importance  above  the  Vanport  ("  Hang- 
g  Sock  ")  limestone,  it  is  locally  called  in  Kentucky  the  "  Limestone 
al,"  a  name  which  is  also  applied  to  it  about  Coalgrove,  Ohio.  It 
-worked  on  a  commercial  scale  at  Winslow,  Boyd  County,  Ky.,  and 
erefore  will  be  called  in  this  report  the  Winslow  coal.    It  is  found 

varying  distances  above  the  Vanport  limestone,  but  it  will  average 
'  feet  above  this  bed  and  30  feet  below  the  Coalton  coal.  From  the 
ctions  given  on  page  36  and  in  fig.  1  it  will  be  seen  that  this 
•al  lies  below  heavy  sandstones  at  Coalgrove.  Its  outcrop  is  not 
dicated  on  the  economic  map,  but,  if  drawn,  would  appear  be- 
ireen  that  of  the  Vanport  limestone,  represented  in  red,  and  that  of 
le  Coalton  coal,  represented  in  blue.    It  will  be  seen  that  its  outcrop 

not  of  great  extent,  because  the  eastern  dips  carry  it  below  drainage 
vel.  Where  exposed  it  has  been  opened  in  many  places,  and  it  is 
»w  mined  on  a  commercial  scale  near  the  base  of  the  hill  northwest 
F  Coalgrove  depot.  Several  countrj'^  banks  are  working  this  coal 
ear  Forestdale,  east  of  which  the  coal  is  below  drainage  level. 
Jong  the  river  pike  this  coal  has  been  worked  in  a  very  small  way  at 
ae  or  two  points,  but  the  linear  extent  of  its  outcrop  here  does  not 
cceed  a  mile. 

Character, — ^The  two  sections  given  in  fig.  1  (p.  34)  illustrate  well 
le  character  of  this  coal.  The  fii-st  section,  obtained  just  north  of 
loalgrove  depot,  is' more  typical  than  that  measured  at  the  country 
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bank  of  Harry  Smith,  ns  t!i«  Ixnl  usually  cK'cur^  in  three  bendiee^, 
which  may  vary  as  shown  in  the  foUowmg  section ; 

(JencrQl  mviion  of  Winnhtw  ctmK  «f'«r  Voaiffrovf\ 

Sandfitane.  laebML 

CJoal  _.„,_^_. , ^ .__...__-.^„_-.,_^__.__    S-16 

BoQe  .-^ ^___^^__-^„^_^ ^_-_ ^ .    1- 

Coal  _^-. .__....-_ ^-_^ ^^^„-,___^-___ ^.-. 15-ie 

Shale  ^^^^^^^.^.^^^  ^-^^^^^,-^^.,>^,^<-^.., ,  ^-,  ,15,^.  L  ■.».■_■.    w  ■  I    |*_ 

Coal — ^— - ^ -    »-16 

The  bed  is  apt  to  be  irregular  in  thiekneai^  And  the  mairiininn  i 
ures  given  above  were  obtained  at  cmly  one  point.  A  fair 
thickness  is  8  or  8^  feet  The  massive  aandstqiM  wkidi  ovwlias 
bed  furnishes  an  admirable  roof,  and  little  timbering*  is 
On  the  otlier  hand,  this  sandstone  is  liable  to  roll  alid  it  may  repLat^ 
the  coal  completely.  The  coal  is  dry,  of  good  qotlily,  and  wr^ 
adapted  for  heating  purposes.  It  does  not  fomiflh  a  good  gndfr  ^«=>f 
coke,  owing  to  the  presence  of  a  large  amount  of  sulfdiur,  but  affc^i^i^ 
washing  it  is  suitable  for  coking.  The  coal  mined  at  Ooalgrovea  ^ 
shipped  over  the  Norfolk  and  Wertem  Bailway  to  Portsmouth,  GkmJii^^ 

mQUMMDY  vALurr  nnxmi0!r. 

EXTBNT. 

The  Big  Sandy  Valley,  district  includes  that  portion  of  this  qu^*-^- 
rangle  whose  natural  outlet  is  along  Big  Sandy  River.  It  inclu>^3es 
all  of  Wayne  County,  W.  Va.,  within  the  limits  of  this  quadran^^lp? 
except  that  part  whose  outlet  is  along  Twelvepole  Creek ;  but  as  tz^his 
small  area  is  of  little  importance  from  an  economic  standpoint,  it  ncr3*y 
be  said  that  all  of  West  Virginia  included  in  this  quadrangle  3fcas 
its  natural  commercial  outlet  along  Big  Sandy  River.  This  dist^*^^ 
extends  as  far  west  as  the  ridge  dividing  the  waters  of  Big  Sarr-^dy 
from  those  of  East  Fork  of  Little  Sandy  River.  The  northwest  ■'^^^^ 
corner  of  this  division  is  the  summit  of  the  ridge  between  Sh— *^P® 
and  Chadwick  creeks,  Boyd  County.  Southwest  of  this  point  ^"^ 
boundary  is  a  sinuous  line  along  the  ridge'  mentioned,  which  J^^^^ 
east  of  Alley,  Bolts  Fork,  and  Estep.  In  this  district  is  inclu^^^ 
Cooksey  Fork  and  Cat  Creek.  From  the  head  of  Cooksey  Fork  ^"^ 
line  marking  the  western  boundary  of  the  district  passes  to  the  c  "'^'^' 
fluence  of  Daniels  Creek  and  Blaine  Creek,  thence  along  the  lalc^*^'* 
creek  to  the  south.  It  passes  out  of  the  quadrangle  along  the  ric:^g® 
immediately  west  of  Rich  Creek.     (See  PL  1.) 

STRATIGRAPHY. 

This  district  includes  the  widest  range  of  coals  in  the  entire  qu^^"" 
rangle,  comprising,  indeed,  all  the  coal  horizons  here  represent:^^- 
All  the  coals,  however,  are  not  developed  in  this  district  on  a  vf(p^^'        i 
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ible  scale,  and  a  few  beds  appear  not  to  have  been  formed  at  all  in 
)laces.  On  account  of  the  comprehensive  character  of  the  geologic 
olumn  the  description  of  this  district  will  serve  as  a  natural  intro- 
luction  to  those  which  follow. 

All  the  geologic  formations  represented  in  the  quadrangle,  with 
he  possible  exception  of  those  of  the  Mississippian  series,  are  devel- 
ped  in  the  Big  Sandy  Valley.  The  highest  rocks  represented  belong 
o  the  Monongahela  formation.  This  formation  is  only  partly  de- 
eloped  and  is  of  very  small  extent,  occurring  in  the  hills  which  carry 
he  Pittsburg  coal  near  the  mouth  of  Gragston  Creek,  Wayne  County, 
V.  Va.  This  is  the  only  locality  in  this  quadrangle  where  rocks  of 
hij5  formation  are  present.  Its  most  important  member  is  the  Pitts- 
urg  coal  lying  at  its  base.  This  is  capped  by  the  Pittsburg  sand- 
tone,  which  is  about  30  feet  thick  and  is  very  massive.  The  remain- 
er  of  this  formation  is  composed  of  reddish  shales  and  sandy 
ediments.  ,  About  100  feet  of  the  formation  are  still  left  in  the  hills. 
SeePl.  IV,p.  28.) 

The  Conemaugh  formation  is  completely  developed  in  a  small  area 
ti  this  quadrangle  near  the  mouth  of  Gragston  Creek,  Wayne  County, 
V.  Va.,  in  the  deepest  part  of  the  basin.  In  the  tops  of  the  highest 
ills  near  the  mouth  of  this  creek  is  the  Pittsburg  coal  mentioned  in 
he  last  paragraph,  the  floor  of  which  marks  the  top  of  the  Cone- 
laiigh  formation.  The  thickness  of  the  Conemaugh  is  more  than  300 
eet.     It  is  composed  chiefly  of  shales,  together  with  limestone  and 

few  thin  coal  beds.  It  also  contains  sandstones  which,  with  certain 
xceptions,  are  liable  to  be  lenticular,  and  on  this  account  are  poor 
tratigraphic  guides.  The  rocks  of  this  and  the  overlying  Monon- 
ahela  formation  are  the  i)oorest  in  the  area  with  reference  to  coal 
^sources,  the  only  really  valuable  coal  associated  with  them  being  the 
^ittsburg  bed,  which  occurs  in  too  small  an  area  to  be  of  great  eco- 
omic  importance.  The  rocks  of  this  formation,  although  a  complete 
action  is  shown  only  over  a  very  small  area,  are  yet  widespread  over 
lie  surface  of  this  district,  occupying  possibly  two-thirds  of  the 
ntire  area. 

The  xVllegheny,  the  next  lower  formation,  is  about  100  feet  thick. 
L  section  of  Allegheny  rocks  may  be  seen  along  the  road  northwest 
f  I»uisa  from  a  point  near  the  confluence  of  Canes  Branch  and  Two- 
lile  Creek.  The  massive  sandstone  at  the  top  of  the  Pottsville  is  in 
he  roadbed  at  drainage  level,  and  not  far  away  the  Winslow,  or  No. 
,  coal  bed  has  been  opened  30  feet  above  it.  At  the  forks  of  the  road 
lear  the  head  of  Canes  Branch  one  of  the  lower  limestones  of  the 
^^onemaugh  formation  is  present,  with  another  limestone  40  or  50 
eet  below  it  on  the  west  side  of  the  ridge.  The  Mahoning  sandstone, 
ying  50  feet  under  this  lower  limestone,  is  rather  massive.  West  of 
his  ridge,  as  Blaine  Creek  is  approached,  the  sandstone  at  the  top  of 
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the  Pottsville  becomes  abnormally  massive  and  thick.    The  Alle :- 

gheny  here  loses  some  of  the  distinctiveness  which  characterizes  it  in,^n 

the  northern  part  of  the  quadrangle,  and  its  upper  boundary  is  some , 

what  doubtful.  Southward  from  the  region  around  Louisa  the  rise  -^3 
in  the  beds  causes  the  gradual  disappearance  of  the  Allegheny  from  ,^- 
the  hills.  North  of  this  point  the  formation  gradually  descends  to  ^^^ 
the  center  of  the  basin,  until  at  Zelda  the  highest  coal  in  the  forma-  - — 
tion  disapi^ears  below  the  flood-plain  deposits.  A  rise  in  the  beds,^^ 
brings  the  Allegheny  above  drainage  level  again  north  of  Savage.^  .^ 
The  formation  is  present  in  whole  or  in  part  in  nearly  all  the  hills  in^"^^ 
the  southern  third  of  the  Big  Sandy  Valley  district  and  also  at  th^^ 
north  end  of  the  district  near  the  mouth  of  Big  Sandy  River.  Th^  _^ 
coals  of  the  Allegheny  are  not  so  well  developed  in  this  district  as  t^  _^  ^ 
the  north  and  west.  The  thickness  of  the  formation  along  Big  Sand  ^ 
River,  north  of  Louisa,  seems  to  be  about  the  same  as  near  Ashlaiw^  ^ 
and  Coalgrove,  160  to  180  feet. 

The  Pottsville  formation  is  well  developed  in  the  southern  part  ^z^f 
the  district,  and  a  fairly  good  section  was  compiled  on  the  Ches^^i- 
peake  and  Ohio  Railway,  along  Levisa  Fork  and  in  the  surroundi'K^g 
hills.    This  section  was  measured  south  of  Louisa  and  is  as  follo>'^5^s: 

Section  of  Pottsville  on  Levisa  Fork  south  of  Louisa^  Lawrence  County ^    f^V* 

Ft.       in. 

Sandstone,    massive,    Ilomewood " 40-60 

Coal  \().  //,  Lick  Creek  coal  (T'[>i>er  Mercer). 

Ore,   black    band ___  S-12 

Concealed  ___   .  20 

Sandstone,    massive _  2t.> 

Shale    or    sandstone,     .. . ^^t 

Coal  S<t.  3,  Torchlij^lit  ( I^ower  Mercer). 

Prob:ible    slialy    s;iiids(one__      _      ..     __    _      ._  ."VO-IMI 

Coal     _    .__      ._  4-8 

Trobablc    sandstone* _     _     21 

Concealed,  bnt   i)robably  shaiy  sandstone-     _     10 

Concealed _     _. 17 

Sandstone,    laminate<l  __    __   .                  _     _     _ 5 

Coneeal«Ml _„    _      __      20 

Shale  with  fiv(»  small  coal  IxmIs.  the  topmost  of  which 

is  the  so-ealled  "Little  Cannel  seam" 32       S 

Sandstone,    massive 4(>-l(X> 

Interval    __. __      .                      __  ,30± 

Shale,    drab      _      __ 5 

Shale,    bla('k_     __   _     _ .    _    __     3 

Shale,    dark     _            _    _   ..   4 

Cital     {t<haronf)      _      _     _. __   _     _      _.    1       4 

"  It   is   i)rol)al)lo   that   south  of   r.ouisa.   whoro   this  saiulstono  is  very   massive  and       _ 
parontly    homop:en<Mnis   throughout,    it   is   not    wholly   of  truo   Ilomewood  age.     Its  \0^ 
part  prol»a!)ly  Ix'jon^;  un<lor  coal  No.  4,  whicli  was  cut  out   in   places  by  a  thickenlni^^' . '^ 
of  tho   lower  sandstone   mcmher.      In   this  case  only   the  top   should  be   regarded  as 
true  Horaewood  sandstone. 
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Ft.     In. 

Shale  and  sandstone 5 

Coal    bloom 6 

Sandstone,   massive    (Sharon) 40± 

Shale , 10 

Coal    bloom 1 

Shale  and  sandstone 10 

Shale -1 5 

Limestone,    blue 8 

Shale,    gray 2-5 

Limestone,   blue 1 

Shale,   dark 5 

Sandstone   4 

Shale 3 

Coal   bloom 1-2 

Shale 3 

Coal  bloom. 

Sandstone,    massive 4 

Coal  bloom. 

Fireclay 8 

Sandstone IJ 

Concealed    20dt 

Sandstone,  shaly,  micaceous 10 

[t  will  be  seen  that  in  general  the  section  shows  several  massive 
idstone  groups,  between  which  are  intervals  containing  coals, 
lies,  shaly  sandstones^  limestone,  and  iron  ores,  the  total  thickness 
which  is  approximately  600  feet.  The  general  sandy  character 
this  formation  is  also  noteworthy. 

'n  the  section  certain  Pennsylvanian  equivalents  have  been  inserted 
parentheses.  These  correlations  have  been  based  on  studies  made 
David  White.  The  bed  worked  at  Torchlight,  known  at  the  Torch- 
it  coal  in  this  report,  is  regarded  by  him  as  the  equivalent  of  the 
er  coal  worked  at  Boghead,  Carter  County,  and  both  the  lower 
I  the  upper  coals  worked  on  Stinson  Creek  at  Boghead  fall  within 

Mercer  group  of  northwestern  Pennsylvania.  It  would  seem, 
refore,  that  the  Torchlight  (No.  3)  and  No.  4  probably  correspond 
:he  lower  and  upper  Mercer  coals,  respectively. 
The  reference  of  the  group  of  thin  coals,  of  which  the  "  Little 
nnel "  is  one,  to  the  Sharon  or  No.  1  horizon  is  furthermore  not 
tained  by  the  paleobotanic  evidence,  according  to  White.  This 
lup  occurring  in  the  interval  of  32  feet  8  inches  at  railway  level 
Ih  of  Torchlight  represents  a  higher  horizon  than  the  Sharon, 
e  coal  underlying  the  massive  sandstone,  which  begins  to  be  promi- 
it  in  the  hills  back  of  Chapman,  is  probably  the  representative  of 

Sharon  in  this  section.  At  Gallup  a  lower  sandstone  is  50  to  GO 
t  above  railroad  grade,  and  a  short  distance  north  of  the  store  it 
)0  feet  thick.    This  is  probably  the  Sharon  sandstone. 
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It  will  be  observed  that  the  portion  of  the  Pottsville  below  the 
sandstone  at  Gallup  (Sharon)  is  characterized,  within  the  limits   <A 
the  quadrangle,  by  the  development  of  dark  shales  and  gnariy  caiicia 
galli  flags,  including  some  limestones  and  coals  of  variable  thickn^^s. 

THE   COALS. 
MONONGAHELA  COAL  (PITTSBURG  BED). 

In  the  tops  of  the  hills  near  the  center  of  the  basin  there  is  ab^CDut 
100  fwt  of  the  Monongahela  formation.  At  its  base  is  a  coal  wh  ^ch 
is  referred  to  the  horizon  of  the  Pittsburg  bed,  though  it  is  har^cJly 
comparable  in  thickness  with  this  famous  bed  in  West  Virginia  ji»^nd 
Pennsylvania.  It  is  nevertheless  a  coal  of  excellent  quality,  and  o^^cily 
its  very  moderate  area  of  not  more  than  a  few  ac^^*  res 
prevents  its  commercial  exploitation.  In  the  1l  ^lls 
east  of  Lett,  at  the  mouth  of  Gragston  Creek,  it  ^^Lias 
been  opened  on  the  land  of  Abraham  Thacker  £^B.nd 
James  Adkins,  and  is  found  to  range  in  thiclcrm^ess 
from  2J  to  4J  feet.  It  averages  about  3  feet  ti^nd 
usually  has  a  thin  but  strong  shale  roof  overl  aain 
FIG.  2— Section  of     by  massive  sandstone  20  to  30  feet  thick.    The  ^=ec- 

IMttsbiirj?  coal   nt  *  .         ,  .  ,i       i        -^        £ 

bank    (.f    James     tiou  obtained  at  one  of  the  openings  on  the  ianc*-  ot 
Adkins     In     bill     James  Adkins  illustrates  the  character  of  this    '■^mI 

west     (»f     Center-         ,  ^         ^. 

viiie.      w.      va.      (see  fi^.  2). 

Seale.  1    incli  =  .' 

feet.  rONKMATCiH    COALS. 

Tt  has  boon  stated  that  the  Coneniaugh  formation  is  in  marked  c^  ^^' 
trast  with  that  lying  below,  both  in  the  character  of  its  rocks  ancf^  i" 
the  fact  that  it  contains  no  workable  coals  and  only  here  and  tl  ""^^*^'^* 
a  bod  of  iron  ore.     In  the  Bi<i:  Sandy  River  Region  this  descrip*:   i^^>^ 
holds  fairly  good  Avith  one  exception.    In  the  hills  back  of  Cassv^^dl*' 
a  small  coal,  called  i)y  I.  C.  White  the  INIason  coal,  is  found  in       ^1^^' 
grou})  of  sandstones  at  the  base  of  the  Conemaugh.    It  is  2  feet  th   ^^'^' 
llic  same  coal  IkmI  has  been  opened  at  a  few  points  along  Twel  ^'^*" 
pole  Creek  a  few  miles  above  Ceredo.     It  is  as  a  rule  so  thin  and^  -^o 
variable  in  its  (li>tribution  that  it  can  hardly  be  classed  among     ^h<» 
important  coals  of  the  future.     It  has  now  and  may  continue  to  h^'^'^ 
sonic  local   importance.     With  the  exception  of  this  bed  the  Co^ie- 
inaugh  formation  is  probably  devoid  of  workable  coals. 

"West  Virginia  (;eol.   Survey,  vol.  2,    190^,  p.  280. 
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ALLKdIHKM  COALS. 

SECTIONS  OF  THE  FORMATION. 

he  base  of  the  Allegheny  formation  appears  in  the  hilltops  about 
r  8  miles  south  of  Louisa  and  dips  rather  steeply  to  the  north, 
ig  very  nearly  at  railroad  grade  at  Eloise  and  a  few  feet  below 
road  level  at  Louisa.  There  are  at  least  five  workable  coals  in 
Allegheny  in  different  parts  of  this  quadrangle,  but  in  no  single 
rict  are  all  these  of  workable  thickness.  Usually  not  more  than 
or  three  are  workable  in  any  particular  locality.  This  is  true 
the  region  about  Louisa  and  for  the  valley  of  Big  Sandy  River 
1  whole.  A  section  obtained  near  Cassville  will  illustrate  the 
racter  of  the  beds  in  the  Allegheny  formation. 

Section  at  Cassville, 
Top  of  bin.  Ft.       in. 

Concealed  and  sandy  debris -  ir» 

Sandstone,  massive 28 

Shale 3 

Sliule,  fosslliferous  « 4 

Coal 2 

Sandstone,  conglomeratic  in  places,  with  calcareous  nodules 

about  15  feet  from  its  top_-^ 53 

Probable  top  of  Allegheny. 

Concealed 22 

Sandstone,  massive 20 

Clay,  flint. 

Shale,  green 1        6 

Shale,  red 1 

Shale 12        6 

Concealed,  but  containing  a  coal  near  the  t()i> 20 

Sandstone,  laminated  or  shaly 1 

Shale,  sandy 0 

Shale,  greenish,  and  sandy  shale 25 

Coal  smut 2 

Fire  claj',  green 3 

Sandstone 2 

Fire  clay,  drab 1        « 

Shale,  sandy 12 

Sandstone,  massive 4 

Fire  clay 3-4 

Sandstone,  laminated U) 

Limestone  ore,  nodular 1 

Shale 3        « 

Coal  No.  6 1         1) 

Fire  clay,  upper  part  fossil iferous 2 

Shale,  sandy 0 

Coal - U 

ThiB  shale  Is  regarded  by  I.  C.  White  as  the  representative  of  the  lower  Cambridge 
^tone  and  the  coal  underlying  it  as  the  Mason :  West  Virginia  (ieol.  Survey,  vol.  2. 
3,  p.  280. 
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Ft,       !b* 

Sbulo,  green,  fossiliferotts ^., — ^^^ — ^ — . —    1 

Cnai ^, ^,„^ _,___^ ^-  5 

Fire  cla^ ^___ ^-_^ ^,^^  6 

Fire  i^lny,  JiNlceoa» ^— ^ - _^-^ ^__^_    6+ 

CDiic**alal ^_„ ,^^^^.^^^^^ ^^ 7        6 

Ralln>ad   griide. 

The  lower  part  of  this  section  wti8  meaisured  also  in  the  first  nmij3 
cut  on  the  Chesapeake  and  Ohio  Railway,  about  a  mile  north  of 
Louisa* 

This  section,  which  shows  the  variations  that  may  take  pl_&<^ 
within  a  short  distance,  is  as  follows: 


I 


^r' fit  ion  north  af  Louim- 

rt      fa* 

VquI  --^_- -_ ^^ ^ ^_-.  __^ -_— -  1 

Sandstone,  latnfaated ^^__. ^^^. .-. ^  2 

Coat _„. „,__-^ .^^^ 0 

8hale .. , _^,_.__-_  3-IS 

Sandstone,  le^miDatecl.. ^ — _,.._^.^ .^. 4 

Fire  clfty__^ ^_^:_, -..___ ^_...^__._  « 

8andsti>ne»  lam tna ted^^ -,_,.— ^ .^^^^^^ -^ ^..^  2 

T Jnn?atune,    ferrugliiona ^__  ^__^ — ^. 4-5 

Flrt^  clay,. ^,^_„ - -^^ .^-. 1 

Rundatoiii%  Ijirufnated-^^— ^— . ^^^ —~. — .  2-S 

Fire  clfly»  wltti  iu>diilar  Umestnii6___ ,_,.-^-_ 1 

SaudfitQue*  lumlnuted ,_,^„_,_„,—  S 

Limestone  nodules.  Intermittent  layer__,„-,-^^^_ ^_-  ft 

Shales,  drab,  or  fire  clay 4 

Coal,  changing  to  black  flint 6 

Fire  clay 2 

Coal 16 

Shale,  dark  fosslliferous 4 

Bone   6 

Shale,  drab  fosslliferous 1        6 

Coal 6 

Fire  clay,  siliceous 5 

R(iilroad  level. 

Fire  clay,  siliceous 3 

Concealed 3 

Shale,  drab 5 

These  two  sections,  obtained  on  opposite  sides  of  the  confluence  of 
Tug  and  Levisa  forks,  illustrate  well  the  character  of  the  coal-b^f- 
ing  rocks  in  this  vicinity.  The  sandstone  member  forming  the  top 
of  the  Pottsville  is  exposed  at  the  mouth  of  Lick  and  Mill  creeks, 
south  of  Louisa  and  Cassville;  also  at  the  lock  just  a  short  distance 
down  Big  Sandy  River  from  Louisa,  and  at  the  mouth  of  Canes 
Branch.  Its  top,  therefore,  must  be  only  a  few  feet  below  the  flood 
plain  on  which  the  towns  are  built.  This  statement  is  corroborated 
by  the  evidence  of  the  fossil  plants,  examined  by  David  White,  from 
the  fosslliferous  beds  indicated  in  the  lower  parts  of  the  above 
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ZELDA  COAL   (NO.  9). 

(tme  and  position. — The  Zelda  coal  is  the  No.  9  of  Kentucky  and 

So.  7,  Bayleys  Run,  or  Waterloo  coal  of  Ohio. 

le  highest  coal  of  importance  in  the  Allegheny  formation  in  Big 

ly  Valley  usually  occurs  below  a  rather  massive  sandstone  which, 

reasons  already  stated,  is  regarded  as  the  Mahoning  sandstone. 

coal  below  this  sandstone,  the  Zelda  coal,  is  thought  to  occur  at 

lorizon  of  the  Upper  Freeprfrt  coal. 

ctent  and  development — In  the  valley  of  Big  Sandy  River  the 

a  coal  has  been  prospected  at  a  number  of  points.    The  rise  of 

beds  up  Big  Sandy  River  brings  this  coal  above  drainage  at 


2  34  567  8  9  10  n 
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16 


17 


20 


L — Sectkms  of  Zelda  coal  (Upper  Freeport,  Kentucky  No.  0).  Kentucky:  1,  Clifton 
in,  near  Zelda ;  2,  Frank  Yates,  near  Catalpa ;  3,  1  mile  north  of  Fallsburg ;  4, 
tthew  Holley,  mouth  of  Cat  Creek ;  5,  1  mile  above  No.  4 ;  6,  C.  C.  Crank,  Falls- 
ip;  7,  west  of  Fallsburg;  8,  John  Bentley,  Yatesville ;  9,  Wade  Chapman,  Yatesville. 
st  Virginia :  10,  on  Norfolk  and  Western  Railway,  north  of  Miller  Creek ;  11,  Alvln 
wart,  opposite  Zelda;  12,  mouth  of  Little  Hurricane  Creek;  13,  Christopher  Bellamy, 
tie  Hurricane  Creek  ;  14,  Elijah  Thompson  and  William  Wellman,  Little  Hurricane 
ek ;  15,  Isaac  B.  Fish,  Tabor  Creek ;  16,  John  Thompson,  Long  Branch  of  Tabor 
ek  (only  main  bench  is  shown)  ;  17,  Volney  Artrip,  head  of  Right  Fork  of  Hurricane 
ek;  18,  head  of  Trace  Branch;  19,  20,  21,  near  Bellups  Gap;  22,  Tug  Fork.  Scale, 
Qch  -a  5  feet. 

a,  where  it  has  been  opened  on  both  the  Kentucky  and  the  West 
jinia  side  of  the  river.  Just  south  of  Zelda  26  inches  of  coal 
5  measured  at  the  bank  of  Clifton  Dean  (fig.  3,  section  1).  A 
t  distance  north  of  Dean's  bank  E.  D.  Milan  has  opened  the  same 
.  South  of  Zelda  it  has  been  opened  and  worked  in  at  least  half 
zen  places  near  the  mouth  of  Mill  Branch  and  at  Gurnetts,  where 
inges  from  2  to  3  feet  in  thickness.  Southwest  of  Catalpa  it  has 
I  opened  by  Frank  Yates,  of  Louisa,  48  feet  above  the  railroad 
k,  where  it  measures  a  little  over  4  feet  thick  (fig.  3,  section  2). 
3  coal  has  also  been  opened  near  the  mouth  of  Horse  ford  Creek, 
ihe  property  of  Dr.  John  Berry,  of  Quincy,  Ky.    At  this  point 


only  1  f(M*t  of  coal  h  exi^ised,  Ijcueath  a  shale  and  sandstoiK^  twif, 
but  the  l)ed  is  i-eported  to  be  3  feet  thick.  South  of  Fuller,  owing  to 
the  rise  of  the  Lieds,  the  massive  .sandstone  capping  this  coal  may  h 
seen  from  the  i^ailroad  at  a  few  points;  but  the  coal  underlying  it 
has  not  been  opened,  except  near  the  heads  of  some  of  the  sliorttT 
stream H  which  flow  into  Big  Sandy  froui  the  WT^st. 

Falhhurg  dUtnet — The  rise  of  the  beds  toward  the  south  Wm^ 
i\w  coal  bed  above  drainage  level  an  Blaine  Creek  at  the  rnoulh  of 
Lon^  lii-anrh,  about  1  mile  north  of  Fallsburg.  Here  it  ha*i  Ihf  §ec- 
tion  indicated  in  fig,  3,  section  3,  A  short  distance  to  the  south*  aciir 
the  mouth  of  Cat  Creek,  a  section  (4,  fig.  3)  almost  identicwl  with 
sc^'tion  3  was  seen  at  Matthew  HoUey  s  bank.  The  coal  farther  in  lli(* 
bank  is  reported  33  to  34  inches  w^here  thickest*  Alwut  a  mile  fartht^t 
up  Cat  Creek  a  section  (-">,  fig.  3)  showing  al>oat  25  inches  of  coal  Iw^' 
nisbes  added  eviilence  of  the  ntuformity  of  the  coal  in  this  vicinity 
The  following  seirtion  was  measured  east  of  P'allsburg! 


Bt€tinn  eaitt  uf  Faltshurff^ 


8011,  iandy. 

Soil,  cJrtyey, 

Sbttles,   green -. 

SaiK]s?toiie , 

LlmefitiHit',  tThit>l<l*U  __ 

Fire  flitjt 

Shale,  rfHA  and   green _ 

Shale—— 

Clay  „_-- 

Sandston^^,. 

Sandstone,  mass!  ve 

Coal  bloom,  Zelda. 


m 

20-25 

20 

4 

45 

20 


This  section  shows  well  the  character  of  the  beds  above  the  Zel^c 
coal  in  this  region.     The  coal  at  the  base  of  the  section  has  b&«7 
opened  at  a  number  of  country  banks  in  and  about  Fallsburg,  whei* 
it  averages  about  2  feet  thick,  as  sections  6  and  7  (fig.  3)  show.   West 
of  Yatesville,  at  the  banks  of  John  Bentley,  Wade  Chapman,  and 
James  Compton,  the  coal  bed  is  reported  as  ranging  from  2  to  3  feet 
and  these  figures  were  verified  in  several  places  (sections  8  and  9, 
fig.  3). 

West  Virginia, — The  sandstone  overlying  the  Zelda  coal  disappears 
below  drainage  level  a  short  distance  north  of  Zelda  and  is  not  ex- 
posed again  until  it  rises  above  drainage  level  on  the  north  side  of  the 
basin  near  Savage,  Ky.  From  this  point  to  the  mouth  of  Big  Sandy 
River  no  coal  was  seen  immediately  below  the  sandstone,  but  in  a 
bed  of  shale,  20  feet  or  so  below,  an  occasional  bloom  was  noticed 
which  may  correspond  with  Crandall's  No.  8,  or  the  Hatcher  bed.  In 
West  Virginia,  near  the  mouth  of  Big  Sandy  River,  the  basal 
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dstones  of  the  Conemaugh  are  a  very  conspicuous  feature  in  the 
dscape,  and  in  recent  cuts  along  the  Norfolk  and  Western  Railway 
Mil  bed  occupying  a  position  corresponding  to  that  of  the  Zelda 
I  was  observed  near  the  mouth  of  Miller  Creek.  This  is  the  coal 
worked  by  Will  Payne,  a  short  distance  above  the  mouth  of  the 
;k.  It  is  reported  to  be  32  inches  thick  at  Payne's  bank,  though, 
vill  be  seen  from  section  10  (fig.  3),  it  is  very  badly  split  by  part- 
s  along  the  railroad.  South  of  Neal  it  disappears  l^elow  the  flood 
in.  Farther  east,  on  Whites  and  Gragston  creeks,  the  horizon  of 
;  coal  is  above  drainage,  and  in  a  few  places  the  bed  attains  a 
*kable  thickness.  Opposite  Zelda,  at  Alvin  Stewart's,  the  coal 
ws  a  thickness  of  very  nearly  40  inches  (section  11,  fig.  3).  About 
bbardstown  and  along  Hurricane  Creek  both  this  coal  and  the  next 
lerlying  bed  outcrop  in  several  places.  The  lower  of  these  two 
Is  is  rarely  of  workable  thickness,  but  the  higher  coal  has  been 
med  in  several  places  and  shows  a  thickness  of  2^  to  3  feet  and 
re  (sections  12, 13,  and  14,  fig.  3).  About  a  mile  east  of  Hubb^^ds- 
rn  the  bed  does  not  appear  to  be  of  sufficient  thickness  to  work,  but 
T  the  mouth  and  near  the  headwaters  of  Tabor  Creek  it  has  an 
irage  thickness  of  3  feet  (section  15,  fig.  3),  and  in  places,  in- 
id  of  a  single  bench,  consists  of  two  benches,  as  indicated  in  the 
lowing  section,  measured  at  the  bank  of  John  Thompson : 

Section  at  John  Thompson's  hank,  Tahor  Greek, 
Sandstone  roof.  inches. 

Coal 6i 

Shale  and  fire  clay 37* 

CJoal 39* 

Fire  clay. 

fortheast  of  Cassville,  on  the  headwaters  of  Right  Fork  of  Hurri- 
e  Creek,  and  still  farther  northeast,  on  Trace  Branch,  sections  (17 
I  18,  fig.  3)  measured  at  the  country  banks  working  this  coal  give 
ood  idea  of  its  persistence  and  character.  This  coal  has  also  been 
ined  at  one  or  two  points  on  Mill  Creek. 

?he  coal  opened  just  north  of  Bellups  Gap  is  tentatively  referred 
:his  bed,  but  it  may  be  a  lower  coal.  It  has  been  opened  by  Foley 
•guson  and  James  Bellup.  This  is  probably  the  same  coal  opened 
;  than  a  mile  northeast  of  Louisa,  which  has  a  similar  section  (scc- 
18  19,  20,  and  21,  fig.  3).  The  coal  opened  near  Copley  on  Tug 
:k  is  also  regarded  as  a  lower  bed  than  the  Zelda  coal  and  may 
sibly  be  as  low  in  the  formation  as  the  Coal  ton  coal  (section  22, 

Iharacter. — From  sections  of  the  Zelda  coal  given  in  fig-  3,  it  will 
seen  that  it  consists  in  general  of  a  single  bench  ranging  in  thick- 
s  from  2  to  3  feet.    It  usually  has  a  thin  black  shale  or  bone  roof. 
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but  is  in  many  places  overlain  by  massive  sandstone.  It  rarely  ex- 
c»eeds  2^  feet  in  thickness,  and  the  measurement  of  4  feet  obtained  at 
Frank  Yates's  bank,  southeast  of  Catalpa,  is  apparently  local.  The 
coal  is  a  lustrous,  bituminous,  semiblock  coal,  with  splinty  partings, 
j;nd  is  highly  esteemed  for  smithing  and  domestic  purposes.  The  chief 
objection  is  to  its  thin  section.  Its  quality  apparently  bears  a  certain 
relation  to  the  thickness  of  the  bed,  for  the  thicker  coal  is  reported 
to  be  of  poorer  quality  at  the  head  of  Little  Hurricane  and  Tabor 
creeks.  It  is  quite  probable  that  it  will  prove  commercially  valuable 
ftt  some  future  time  in  the  area  indicated  by  the  solid  outcrop  line. 
(See  economic  map,  PI.  I.) 

COALTON  CX)AL   (NO.  7). 

The  Coalton  is  the  next  lower  coal  bed  in  the  Allegheny  formation. 
Taken  as  a  whole,  this  coal  is  the  most  important  in  the  entire  quad- 
rangle, but  in  the  valley  of  Big  Sandy  it  is  of  minor  importance. 
About  two-thirds  of  a  mile  south  of  Potters  a  coal  referred  to  this 


yic,  4  —  Sections  of  the  Coalton  and  Wlnslow  coals  in  Hlg  Sandy  River  district.  Coal  No. 
7  (  V)  :  1.  (leorge  Cooksey.  Cat  Crrck  ;  2,  Cat  Creek;  3.  Cat  Creek.  Coal  No.  7:  4, 
two  thirds  of  a  mile  south  of  Potters.  Coal  No.  6:  5,  T.  J.  Chapman,  Lick  Creek; 
G,  John  Vaughn,  Lick  Creek.     Scale,  1  inch  =  5  feet. 

horizon  outcrops  at  railroad  level,  but  is  thin  (fig.  4,  section  4).    This 
coal  has  hoeii  worked  just  north  of  the  station. 

On  Cat  Civok,  below  the  mouth  of  Thompson  Fork,  a  coal  which 
is  doubtfully  referred  to  this  horizon  has  been  opened  about  40  to  50 
feet  above  the  road.  It  is  closely  overlain  by  a  rather  massive  sand- 
stone, and  in  this  respect  resembles  the  Cgalton  coal,  but  the  distance 
below  the  l)ase  of  the  massive  sandstone  forming  the  lowest  member 
in  the  Conemau^^h  formation  points  to  a  higher  bed.  It  may  there- 
fore he  the  next  higher,  or  Hatcher,  coal.  Along  Cat  Creek  it  is  not 
over  50  feet  below  the  base  of  the  Mahoning  sandstone,  whereas  the 
ordinary  distance  below  that  sandstone  of  coal  No.  7,  or  the  Sheridan 
bed,  around  Ohio  River  is  from  90  to  100  feet.  It  is  certain  that  the 
usual  number  of  coals  is  not  developed  in  the  Allegheny  rocks  along 
Cat  Creek  below  the  mouth  of  Thompson  Fork,  as  the  section  in  the 
hill  between  Cat  Creek  and  Morgan  Run  indicates.    The  coal  under 


COAL — ^BIG  SANDY  VALLEY  DISTRICT.  47 

x)nsideration  has  been  opened  on  the  property  of  W.  A.  Rice,  John 
Oooksey,  Willis  Roberts,  J.  K.  Chadwick,  Mrs.  Americus  Wood,  and 
Mrs,  Nancy  J.  Carter,  on  Cat  Creek,  and  also  in  the  vicinity  of  Yates- 
nlle.  Sections  1,  2,  and  3  of  fig.  4  illustrate  the  character  of  this  bed 
in  the  valley  of  Blaine  Creek. 

WIN8LOW    COAL    (NO.  6). 

In  the  section  given  on  page  42,  above  the  railroad  level  a  mile 
aorth  of  Louisa,  there  is  a  bed  of  coal  IJ  feet  thick  11  feet  above  the 
railroad  track.  In  places  this  coal  measures  from  27J  to  29  inches, 
with  a  drab  or  black  shale  roof  a  foot  or  two  thick  and  a  clay  floor, 
[t  is  the  same  bed  which  has  been  opened  in  the  hills  west  and  north- 
wrest  of  Louisa  and  is  probably  the  coal  referred  to  as  coal  No.  6  in 
Crandall's  report ;  also,  it  is  probably  the  bed  which  is  mined  so  ex- 
tensively about  Ashland  and  Winslow,  in  Boyd  County,  and  at  Coal- 
grove,  Ohio.  At  these  different  places  it  is  known  as  the  limestone 
XMil,  from  its  position  as  the  first  coal  above  the  Vanport  ("  Hanging 
Rock  ")  limestone.  Though  it  is  worked  extensively  about  Ashland, 
it  has  been  thought  best  not  to  apply  the  name  of  that  city  to  it,  as 
he  coal  next  above  (the  Coalton  coal)  is  frequently  referred  to  in  the 
3hio  reports  as  the  Ashland  coal.<»  It  is  being  mined  and  shipped 
From  Winslow,  south  of  Ashland,  and  hence  may  appropriately  be 
mown  as  the  Winslow  coal.  In  the  Ohio  reports  it  is  usually  termed 
;he  Newcastle  coal.  As  the  first  coal  above  the  Vanport  limestone 
t  corresponds,  in  position  at  least,  with  the  I^ower  Kittanning  or 
filler  bed  of  Pennsylvania. 

Though  this  coal  bed  has  been  opened  in  many  places  near  Louisa, 
»nly  a  few  measurements  could  be  obtained,  as  nearly  all  the  banks 
n  which  the  coal  has  been  worked  have  fallen  shut.  Near  the  mouth 
»f  Twomile  Cr^ek  and  on  Lick  Creek  it  has  been  opened  and  worked 
m  a  small  scale.  This  is  probably  the  coal  opened  by  John  Vaughn 
nd  T.  J.  Chapman.  (See  fig.  4,  sections  5  and  6.)  It  is  reported  of 
rorkable  thickness  in  the  hills  north  of  Chapman's  store  on  Three- 
lile  Run,  and  a  few  old  openings  on  it  were  seen  at  this  j)lace.  On 
>ry  Ridge  south  of  Irad  it  appears  as  a  small  coal  not  (exceeding  2 
eet  in  thickness. 

In  West  Virginia,  south  of  Cassville,  it  has  been  opened,  and  32i 
iches  of  coal  were  seen  at  an  opening  south  of  the  town.  On  Mill 
Ireek  the  coal  has  been  opened  at  a  few  points,  and  though  the  upper 
art  of  the  bed  is  somewhat  injured  by  the  presence  of  bone  and 
dale,  it  usually  contains  a  lower  bench  of  bright,  lustrous  bituminous 
oal  of  good  quality,  averaging  from  2  to  3  fe(»t  in  thickness. 

•Ohio  Geol.  Survey,  vol.  3,  pt.  1,  1878.  p.  918. 
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CAT   CRKEK    COAL    {ISO.    5). 

Pomf ton.— T]i<^  lowest  workable  ooal  in  the  Allegheny  formfltian 
ill  the  Big  Sandy  Valley  district  occurs  below  tlie  V^niport  limestoDe 
This  coid  iisiiulJy  lies  directly  on,  or  a  very  few  feet  alxjvo,  the  Home 
wood  sandj^tone,     \Miere  the  two  sections  given  on  pagcn  il-i2  werp 
nieiisdured*  it  may  Ije  below  the  lowest  member  shown  and  hence  not 
upi>ear  in  the  section,    Thi^  coal  is  regarded  an  the  equivalent  of  tJie 
iDuin  workable  IkhI  on  thi^  headwaters  of  Cat  Creek,  and  as  it  probably 
tittaijus  itis  niaxiionm  development  in  that  region  and  is  graerallv 
known  in  thi.s  part  of  Kentucky  a.s  the  Cat  Creek  l)ed,  it  will  b<!  culleJ 
in  this  report  the  Cat  Creek  coah    Crandall,  in  his  general  sedJoa  of 
tills  part  of  Kentucky,  has  placed  No,  5  coal,  to  which  he  gives  tbt* 
names  Cuoksey  Fork  and  Pennington  coal,^  as  the  first  below  the  hori- 
zon uf.  tlie  Vanport  limestone,  and  therefore  it  apj^ears  probable  thM 
Crandall's  Xo.  5  or  Cooksey  Fork  coal  is  the  same  as  the  Cat  Crc^i^ 
bed  of  this  report*    Crandall  states  that  this  coal  occurs  30  to  40  (e^ 
below  the  limestone  ore,  referring  to  the  ore  associated  with  the  Var»^^  | 
l)ort  limestone.    This  distance  is  rather  large  for  the  region  about  ti"*^*i 
bead  of  Cat  Creek.  i 

E^L'tent  and  developnumt, — Al>out  Louisa  the  presence  of  tliis  cos^* 
is  nearly  always  indicated  by  a  bloom.  Its  position  abov^e  the  Ilomt:^^ 
wood  sandstone  is  Ijest  scK?n  in  the  gorge  of  Lick  Creek  near  its  mouth"""^ 
and  on  the  Lick  Creek  pike.  About  2^  miles  southwest  of  Louisa  i^^ 
has  been  opened  by  Mordecai  Wilson,  but  the  bank  is  now  fallen  shu^'^ 
Near  Osie  coal  has  been  dug,  but  the  bed  is  reported  to  be  thin.  I^^- 
West  Virginia,  south  of  Cassville,  this  coal  is  usually  present,  but  i:  -^ 
thin  and,  as  on  the  Kentucky  side,  is  very  rarely  worked.  A  shor-*^ 
distance  south  of  Louisa  it  is  below  the  flood  plain.  In  the  inrnie^^ 
diate  valley  of  Big  Sandy  and  its  tributaries  to  the  south  it  will  probcma 
ably  not  prove  w^orkable  over  any  considerable  area. , 

This  coal  is  the  most  important  bed  on  the  headwaters  of  Cat  Creeli^ 
and  there  and  to  the  west  on  the  headwaters  of  Cherokee  Crtc      i 
and  Dry  Fork  it  attains  its  maximum  thickness  in  this  quadranglie^ 
Further  descriptions  and  an  analysis  of  it  are  given  in  connectio/? 
with  the  mention  of  its  occurrence  on  Cherokee  Creek  (p.  103).   -A/ 
the  headwaters  of  Cat  Creek  it  has  not  been  developed  on  a  com- 
mercial scale,  owing  to  remoteness  from  transportation.     The  extent 
of  its  outcrop  in  this  locality  is  limited,  as  the  northward  dips 
carry  it  below  drainage  level  near  the  mouth  of  Thompson  Fork 
On  the  map  its  outcrop  line  in  the  valley  of  Cat  Creek  is  practically 
coincident  with   the  red  line  which  indicates  the  horizon  of    ^^® 
Vanport  limestone  and  its  clay.     It  has  been  opened  by  Andrew 

•  Report  on  the  eastern  coal  field :  Kentucky  Geol.  Survey,  vol.  C,  p.  19,  1884,  pU  ^- 
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bb,  Andrew  Cooksey,  and  W.  H.  Moore,  and  at  Moore's  bank  the 
lowing  section  was  measured : 

Section  of  Cat  Creek  coal  bed  at  bank  of  W.  H.  Moore. 

Shale,  black.  inches. 

Cokil li 

Bone 4i 

Coal * 17i 

Bone i 

Coal 24 

48 

L  thickness  of  4  feet  10  inches  to  5  feet  is  reported  from  other 
ntry  banks  in  the  immediate  vicinity.  In  some  places,  at  least, 
5  coal  is  sufficiently  thick  and  free  from  impurities  to  make  it 
uable,  but  in  other  places  it  is  so  badly  split  up  by  impure  part- 
s  that  it  will  have  little  value  except  for  country  trade.  The 
lowing  two  sections  illustrate  this  impure  phase : 

Sections  of  Cat  Creek  coal  bed. 

Inches. 

Shale,  black,  containing;  small  strinpers  of  coal 1 

Coal : li 

Shale,  black 4 

Coal 5 

Shale,  black 12 

Coal  and  shale 4 

Coal 4i 

Bone  - 1 

Coal 1) 

42 

Shale,  black. 

Coal 4 

Shale,  black 10 

Coal 2 

Bone _-  __  _-   1 

Coal 1 

Bone __.  .   * 

Coal -     8 

Bone  or  coal —  __         i 

Coal li 

Clay. 

The  fact  that  it  has  a  good  section  on  Cat  Creek  and  shows  well 
Cherokee  Creek  is  sufficient  evidence  that  this  coal  l)ed  is  well 
pth  careful  attention.  It  should  be  i)r()spocted  with  a  diamond  drill 
the  intermediate  territory  before  actual  operations  on  it  are  begun. 

47008—08 4 
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Character. — The  Cat  Creek  coal  is  of  excellent  quality  and  when 
not  badly  split  up  gives  much  satisfaction  as  a  domestic  fuel,  being 
hauled  many  miles  into  the  surrounding  country. 

POTTSVILI^  COALS. 
LICK    CREEK     (NO.    4). 

Extent  and  development, — The  highest  coal  in  the  Pottsvillc  is 
from  55  to  75  feet  above  the  Torchlight  bed.  It  is  locally  known  as 
the  "  5-foot  vein "  but  is  sometimes  called  the  "  Big  vein "  and 
probably  corresponds  with  coal  No.  4  of  the  Kentucky  Survey.  Itj= 
maximum  development  is  in  the  hills  east  of  Lick  Creek  and  between 
Lick  Creek  and  Levisa  Fork,  and  it  may  be  conveniently  designated, 
therefore,  the  Lick  Creek  coal.  From  the  fact  that  it  overlies  the 
Torchlight  l)ed  it  occurs  over  a  smaller  territory  above  drainage  level, 
and  is  not  found  as  far  south  in  the  hills  as  the  Torchlight.  Though 
locally  thicker  than  the  coal  below,  it  will  probably  not  be  found 
HO  j^ersistent  and  uniform.  It  has  been  prospected  by  the  Torch- 
light Coal  Company  between  Threemile  Creek  and  Levisa  Fork,  where 
it  proves  to  be  of  workable  thickness,  and  in  this  region  it  is  about 
GO  feet  above  the  Torchlight  bed.  East  of  Threemile  Creek,  prospects 
have  been  opened  on  it  on  Donithon  Branch,  where  it  is  also  work- 
able. In  AA\»<t  Virginia  the  roal  at  this  horizon  does  not  api>ear  to 
l)e  of  workal)l(»  thickness;  at  least  no  openings  were  observed  on  it. 
West  of  Lick  Creek  the  horizon  is  marked  by  a  coal  bloom  or  smut, 
but  iu  no  place  has  it  been  found  sufficiently  thick  to  work  ])rofitably 
except  for  local  purposes.  It  has  been  worked  for  family  use  at  one 
or  two  [)oiuts  on  San  Branch  near  Irad  and  also  one-fourth  of  a  mile 
below  the  point  where  Little  Blaine  Creek  enters  Big  Blaine.  So  far 
as  known  the  coal  has  never  been  worked  on  a  connnercial  scale  hi 
Big  Sandy  Valley.  In  this  district  the  most  promising  field  in  which 
to  prospect  for  this  coal  is  in  the  hills  along  I^evisa  and  Tug  forks, 
south  of  Torchlight. 

CJuwactcr. — Sections  obtained  from  this  bed  are  shown  in  fig.  5. 
The  section  obtained  at  the  head  of  Lower  Gavitt  Creek  on  the  prop- 
erty of  the  Torchlight  Coal  Company  difl'ers  strikingly  from  the 
remaining  three,  obtained  from  test  drifts  of  the  Louisa  Coal  Com- 
pany in  the  hills  between  Lick  Creek  and  Levisa  Fork,  just  west  of 
Torchlight.  The  ui)per  liO  inches  of  the  coal  on  Lower  Gavitt  Creek 
appear  to  ])e  much  broken  up.  The  lower  benches,  which  avera^re 
about  li)  or  20  inches,  are  separated  by  a  small  clay  parting.  In 
places  the  upper  bench  consists  of  clean  coal,  giving  the  three  benches 
as  in  the  Torchlight  bed.  The  coal  is  also  reported  with  three 
benches  on  the  headwaters  of  Donithon  Creek,  but  here  the  upper 
bench  is  slightlv  thicker  than  either  of  the  two  lower.     The  section 
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mred  by  C.  M.  Weld  for  the  Torchlight  Coal  Company  shows 
character  as  follows : 

rlfo»  of  Lick  Creek  coal  bed  at  the  head  of  Ox  Hollow,  Donitfion  Creek. 

Inches. 

Coal 25i 

Parting , 5i 

Coal 18 

Parting 21 

Coal 12 

2  3  4  5  _6_  _1_ 


5. — Sections  of  higher  Pottsvlllc  coals  In  Big  Sandy  Valley  district  Lick  Creek 
1  (Kentucky  No.  4):  1,  Torchlight  Coal  Company,  I^wer  Gavltt  Creek:  2,  3,  4, 
ilsa  Coal  Company,  between  Lick  Creek  and  Levisa  Fork.  Torchlight  coal  (Ken- 
ky  No.  3)  :  5,  Torchlight  Coal  Company,  head  of  LK)tver  Gavitt  Creek ;  C,  mine  of 
cbllght  Coal  Company ;  7,  Threemlle  Creek ;  8,  Andrew  New,  opposite  (west  of) 
chllght ;  9,  opening  north  of  No.  8;  10.  Henry  Cochrane,  Lick  Creek;  11,  U»ft  Fork 
tie  Blaine  Creek ;  12,  Right  Fork  Little  Blaine  Creek ;  13,  Kelly  Frailey,  Right  Fork 
tie  Blaine  Creek;  14,  Andrew  Hayes,  Right  Fork  Little  Blaine  Creek.  Scale,  1 
ti-=5  feet 

the  hills  along  Threemile  Creek  this  coal  will  probably  average 
een  3  and  4  feet. 

est  of  LevLsa  Fork,  on  the  property  of  the  Louisa  Coal  Company, 
coal  thickens,  as  will  be  seen  from  fig.  5,  sections  2,  3,  and  4.  In 
ral  the  coal  in  this  vicinity  is  irregular,  but  consists,  where  ob- 
5d,  of  two  main  benches  separated  by  a  clay  parting  varying 
i  a  few  inches  to  5  feet.  The  coal  south  of  the  prospect  pits  of 
company  is  reputed  to  be  very  irregular  and  of  poor  quality,  but 
5  statements  can  not  be  corroborated  by  the  writftY^«i'a\\Qi<k\Si%^^'5i 
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seen  of  it  at  any  point.     West  of  Lick  Creek,  about  one-half  mile 
above  the  mouth  of  KUubt^iiH  Branch,  the  coul  nipjiftnrf^s  about  2  f^Q% 
on  tlie  outcrop  in  a  well-exposed  section  showing  thij  top  of  the  PotL^ 
ville  and  the  Alkghenj,  as  follows: 


I 


Bectioti  on  Rhabena  Branch. 

HnUop.  Fr      Jo. 

Btiale,    re^ ^^_.,._-^__^,„ .__ ^-__^        30 

KandstoDe  - .~> -^ _  -^ ,--,-__-,. _  20 

Shale,   re<l . „.. ... 20-25 

SnntlstoDe,  ehiily^ _ . 

Shale,  sandy 

Sntitlstotic,  sl]aly„.. _, 

'  HUuks  Uglit  onve__^-^ .. ^^^ 

Cliiy.  wlJlte^,^ --^ 

Sotl,  ft-n-uglnouK  i-layi-.v- 

Khale,  BiiB4ly_,_ . 

Saijtlstoiie,  i?tmrse,  yellow,  uni^lve^ 

81m)e ^ „ _„_^ 

OIny ,_._ . ,_^ 

Sliale  ,_,„_^„^_., „ .„ 

Cliiy  wftb  Iron -ore  iiwliilea__^ ^^_ 

8bak%  black  <CM3arn_ ^^,. 

HJmle,  ifray 

Voul 

Shale,  drab 

Shale,  purple . 

Sandstone 

Cdal  No,  5 

Sandstone,  laminated 

Coal  No.  Jf  (IJck  Creek  coal) 

Sandstone,  massive 25± 

Coal  No,  3. 
Sandstone,  massive. 

This  section  indicates  the  erratic  character  of  the  Allegheny  ^-    ^ 
shows  how  difficult  it  is  to  locate  its  exact  upper  boundary. 

The  massive  sandstone  at  Busseyville  marks  the  top  of  the  Po^^^ 
ville  formation.     This  sandstone  rises  in  the  direction  of  the  forki^^^* 

Little  Blaine  Creek,  and  a  short  distance  below^  the  residence  of  L^ ^* 

Pigg  the  coal  appears  above  drainage  level  and  has  been  opened  al 
15  feet  above  the  road  to  the  left.     A  short  distance  beyond  the 
coal  shows  a  section  as  follows  at  F.  R.  Bussey's  bank: 

Section  of  coal  bed  at  F.  R.  Busscif\s  hank,  near  Busseyville, 
Sandstone,  massive.  Inches. 

Coal  and   black   shale 30 

Sandstone  lentils,  sometimes  absent 2 

Shale  and  bone 10 

Coal 5 

Shale,  drab  fissile 22 

Coal 15 

Bone 1 
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iDcbes. 

Coal 2 

Bone 2 

Coal 15+ 

About  60  feet  below  this  coal,  at  road  level,  is  the  bloom  of  another 
and  lower  coal,  which  has  been  opened  by  L.  D.  Pigg  in  the  hill  to  the 
^^est.     This  coal  has  a  section  as  follows : 

Section  of  coal  bed  opened  hy  L.  D.  Pigg  near  Busaeyvillc, 

Inches. 

Limonitc,  uodular 4 

Shale 19 

Bone '.^    3 

Coal 4 

Shale 19 

Bone 4 

Coal 1 7 

These  coals  are  believed  to  be  above  the  true  Torchlight  coal,  which 
sshows  as  a  bloom  at  the  road  corner  at  the  confluence  of  Left  and 
Kight  forks  of  Little  Blaine  Creek.  It  is  possible  that  one  of  these 
Lwo  beds  represents  the  Lick  Creek  coal  and  that  the  other  may  rep- 
Kresent  a  new  bed  in  the  section.  It  is  also  possible  that  these  coals 
may  represent  the  two  benches  of  the  Lick  Creek  coal,  the  parting  of 
5  feet  of  clay  in  the  region  east  of  Lick  Creek  having  expanded  to  60 
Feet  farther  west.  The  data  on  this  point  are  not  sufficient  to  make 
i.  t  absolutely  certain  that  these  two  beds  represent  the  two  benches  of 
:he  Lick  Creek  bed,  but  the  writer  is  inclined  to  this  view.  Neither 
Df  the  two  coals,  where  seen  outcropping,  is  of  commercial  importance. 

Wliere  the  Lick  Creek  coal  is  of  workable  thickness  it  is  of  a  bright, 
riard,  bituminous  variety,  with  occasional  bands  of  splint  or  semi- 
liannel  coal.  The  upper  of  the  two  lower  benclies  appeal's  to  be  the 
rnore  uniform,  but  in  places  the  lower  may  probably  be  worked  with 
i  t.  Locally,  however,  it  is  badly  sj^lit  by  bony  i^artings.  At  many 
points  between  Levisa  Fork  and  Tug  Fork  all  three  benches  may  be 
ivorked  if  sufficient  care  is  exercised  in  separating  the  chiy  and  bone 
partings.  As  a  rule  the  roof  of  this  coal  is  formed  by  shale,  but  in 
some  places  the  base  of  the  massive  Home  wood  sandstone  extends 
clown  practically  to  its  top.  The  following  analyses  indicate  the 
character  of  this  coal : 

AnaJf/.'<cs  of  I  Ark  Creek  eonl. 

/ :; ;  : .  _  _i  \  jz 

Ifolsttire- 0.00  0.»7 

Volatile  matter i  :«.40  :«.70 

^hced  carbon.— :>7.40  55.69 

Aah ,    4.20  i        9.58 

Bulphar .049  1.05 

1.  FamiBhed  by  J.  II.  Nortliup,  of  Louisa,  .Ky.,  from  a  sample  collected  at  the  head  of 
Donithon  Creek. 

2.  F^imlshed  by  A.  0.  Collins,  of  the  Louisa  Coal  Company.  Otto  Wuth,  analyst. 
Balphur  Is  incladed  in  the  total. 
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The  foregoing  analyses  show  a  good  coal  of  the  bituminous  grade, 
corresponding  favorably  with  much  of  the  Pittsburg  coal  of  western 
Pennsylvania.  It  contains  a  rather  higher  percentage  of  volatile 
matter  and  correspondingly  lower  fixed  carbon.  On  account  of  its 
hard  and  somewhat  splinty  character  it  will  bear  transportation  and 
•stocking  well.  It  is  doubtful  whether  it  will  prove  to  be  a  good 
coking  coal,  but  experiments  with  regard  to  this  point  have  not  been 
made. 

TOBCHLIGHT   COAL    (NO.   3). 

Name. — ^The  next  lower  workable  coal  in  the  Pottsville  group  is 
perhaps  the  most  important  of  all  the  beds  thus  far  developed  on  the 
upper  waters  of  Big  Sandy  River  and  its  tributaries  in  this  quad- 
rangle. In  the  Kentucky  reports  this  coal  is  known  as  No.  3,  or 
McHenry  coal,  the  latter  being  the  name  of  the  property  on  which 
the  coal  was  first  worked  on  any  marked  scale.  In  this  description 
it  w  ill  be  referred  to  as  the  Torchlight  bed,  from  the  fact  that  the 
Torchlight  Coal  Company  has  worked  it  more  extensively  than  any 
other  company  at  Torchlight,  on  tlie  Chesapeake  and  Ohio  Railway 
C  miles  south  of  Louisa,  and  opposite  the  old  McHenry  property  on 
the  west  side  of  Levisa  Fork.  It  is  locally  known  also  as  the  "  Cheek 
llouse  vein."  It  corresponds  to  the  Lower  Mercer  coal  of  Penn- 
sylvania. 

Kd'tent. — The  Torchlight  coal  first  appears  above  drainage  level 
on  ThrcMMnile  Creek  near  the  Threemile  schoolhouse,  and  is  reported 
on  Levisa  Fork  near  the  bed  of  the  creek  just  north  of  the  railroad 
bridge  at  AA'albridge.  It  is  probably  present  in  all  the  hills  south  of 
these  points  in  the  territory  included  between  Tug  and  Levisa  forks 
and  also  in  AVest  Virginia.  p]ast  of  Threemile  Creek,  however,  it 
does  not  seciu  to  have  been  extensively  ])rospected  and  little  seems  to 
be  known  about  it.  In  the  hills  between  Threemile  Creek  and  Levisa 
Fork  it  has  been  fairly  well  prospected,  and  this  is  also  true  of  the 
tei-ritory  lying  between  Levisa  Fork  and  Lick  Creek  to  the  west.  It 
is  present  in  the  hills  along  Left  and  Eight  forks  of  Little  Bhiine 
Creek,  but  owing  to  northward  dips  disappears  below  drainage  level 
a  short  distance  north  of  the  conlluenee  of  these  two  forks.  A  refer- 
ence to  the  map  (PI.  I)  will  show  the  outcrop  of  this  bed  so  far  as 
it  is  known  to  be  of  Avorkable  thiclcness. 

Derclopnn  ht. — This  coal  was  Krst  opened  at  McHenry 's  bank,  on 
the  west  side  of  Levisa  Fork  op[)osite  Torchlight.  Since  then  it  has 
been  developed  on  a  coinuiereial  scale  l)v  the  Torchlight  Coal  Com- 
pany at  Torchlight.  During  the  sunnner  of  1905  the  mine  was 
closed,  but  it  started  up  again  in  the  following  spring.  In  the  hills 
west  of  Levisa  Fork  this  coal  has  been  faced  in  several  places  by 
the  Louisa  Coal  Company  to  ascertain  its  possibilities.     It  has  also 
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been  opened  by  Andrew  New  and  others  northwest  of  Torchlight. 
On  Lick  Creek  several  small  country  banks  have  been  opened  and  a 
small  amount  of  coal  has  been  removed  for  the  country  trade  by 
Richard  Childers,  Henry  Cochrane,  and  others.  On  Left  Fork  of 
Little  Blaine  Creek  this  coal  appears  to  have  a  section  similar  to  that 
in  the  region  about  Torchlight.  It  has  lx?en  opened  at  a  few  places 
along  this  creek  a  short  distance  south  of  its  confluence  with  Right 
Fork. 

Along  the  pike  east  of  Adams  it  is  found  well  up  in  the  hills  on 
the  south  side  of  the  creek  and  near  road  level  on  the  north  side, 
owing  to  the  steep  dips.  It  has  been  opened  in  this  region  by  Kelly 
Frailey,  Andy  Hayes,  and  others.  It  is  possible  that  the  coal  opened 
by  James  Adams  west  of  Adams  corresponds  to  the  Torchlight  bed. 

Charctcter. — ^Ten  sections  of  the  Torchlight  coal  are  represented 
Ln  fig.  5.  It  will  be  seen  from  these  sections  that  the  coal  bed  is 
somewhat  variable.  In  places  it  occurs  as  a  single  bench,  as  at  the 
Dank  of  Richard  Childers,  on  Lick  Creek,  where  37  inches  of  clean 
^oal  were  measured,  but  usually  it  consists  of  two  or  three  benches. 
Ajs  a  rule  a  clay  parting  separates  the  top  benches.  This  clay  part- 
ng  is  in  general  of  knife-edge  thinness  (sections  5,  6,  8,  9,  11,  fig.  5), 
tnd  is,  perhaps,  entirely  cut  out  in  some  places,  as  at  the  Henry 
I^ochrane  and  Kelly  Frailey  banks  (sections  10,  13,  fig.  5),  on  Right 
J'ork  of  Little  Blaine  Creek.  It  rarely  attains  a  thickness  of  an 
nch,  though  in  exceptional  cases  it  may  exceed  this  measurement, 
LS  at  An  opening  of  the  Torchlight  Coal  Company  on  Threemile 
Ureek,  where  a  parting  of  3  inches  was  measured  (section  7,  fig.  5). 
rhe  third  or  lowest  bench  ranges  from  less  than  OJ  to  ov^er  14  inches 
n  thickness.  It  is  separated  from  the  middle  bench  by  a  persistent 
x>iie  parting  averaging  3  to  4  inches. 

The  coal  in  this  bed  is  of  both  the  splinty  and  the  soft  bituminous 
'-arieties.  The  top  bench  above  the  clay  parting  is  usually  soft;  the 
diddle  bench,  though  generally  of  soft,  lustrous  bituminous  coal,  in 
Qany  places  contains  hard,  splinty  layers  and  is  therefore  slightly 
carder.  The  lowest  bench  is  as  a  rule  of  hard,  dull,  splinty  coal,  and 
«rves  as  an  excellent  base  for  pillars  in  mine  working.  This  bench 
s  also  drilled  before  shooting.  In  mining,  all  three  benches  may  be 
vorked  and  the  bone  or  '*  niggerhead '"  between  the  two  lower  benches 
•emoved  by  hand  picking.  The  roof  of  the  coal  lied  varies.  It  is 
n  some  places  shale  and  in  others  massive  sandstone.  The  shale, 
jvhere  present,  ranges  in  thickness  from  a  few  feet  up  to  15  feet, 
[nore  or  less,  and  sometimes  gives  much  trouble  in  mining.  The 
roof  of  the  coal,  where  it  is  composed  of  shale,  has  to  Ix?  carefully 
watched  and  rather  heavily  timl)ered  to  avoid  falling  and  "  creep- 
ing." On  this  account  mining  with  a  shale  roof  is  attended  with 
more  danger  and  expense  than  where  the  coal  is  overlain  by  sand- 
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gtone.    Abore  tiie  Isyw  of  duile  tibete  k  ii8iia%  s  "racy 
sandstone  of  Taiying  thidnifiiw,  idikii  sertei  as  ana  means  of  idenlU 
fying  this  bed. 

Below  the  lowermost  worioed  bench  tibere  an  in  ma^y  places  < 
or  two  smaller  bendies  of  eoal  separated  firam  tiie  mfSMk  bed  by 
fire  day  or  bone  parting  (sections  6  and  7,  fig.  S).   These  are  ] 
mined.   The  trae  flow  of  the  coal,  as  a  raky  is  diqr.   Afewanaitfau 
of  this  ooal  are  as  follows: 


Asslyiet  of  T&r^^iMgh$  eomL 

• 

1. 

s. 

t. 

4. 

ft. 

M<^iftnr#. ... . , 

MM 
1.08 

t.ei 

mm 

IBM 

S7.t» 

i.n 

^ 

Vbtetflv  mattfr 

nzMl  <!arl>An                                          _ 

s.« 

Afh.      ., , , 

»-2 

SnlDlnir...    .    -   ^    .    .                                     „    -....., 

•     a.iB 

1.  Sample  from  lfeHflimr*a  «o«l  tank;  lAwvmtt  Oo«iilr»  Kj,    Hggogt  on  tlw 
eoftl  Held :  KeDtodcy  Oeot  Sarwj.  toL  C  p.  18.    Bobert  Peter  aaS  Mr.  TiOlMt,  uu 

8.  TordiUi^  Coal  CSompaajr*!  pmpertj  on  JLover  Qaittt  Or«diL     BtdDSb  * 
aiialjrete. 

4.  TorchUght  Coal  Conpaiij,  nvendle  ShoaL    Skketti  *  Btafei,  aulyala. 

5.  Crop  coal  from  hlUbetweea  I^eriaa  inork  aa4  Iikk  Cveek  intwwiU  d  tlw 
Coal  Company.    Otto  Wnlli,  aaaljat    Solplmr  Is  indvded  ta  fhe  MO. 

From  these  analyses  it  will  be  seen  that  the  volatile  matter 
ages  about  35  per  cent  and  the  fixed  cailxm  appro3dmateIy*45   '^^ 

cent.  The  ash  and  sulphur  are  comparatively  high,  especially  in  '*^*^ 
samples  analyzed  by  Ricketts  &  Banks  for  the  Torchlight  Coal  C^^^^' 
pany.  The  lower  and  dirty  benches  were  probably  included  in  **^® 
samples  analyzed  by  this  firm,  but  in  the  mining  of  the  three  u^%^^ 
benches  this  material  would  probably  serve  as  a  floor;  or,  if  it  ^^^^^ 
found  necessary  to  remove  it,  it  could  be  picked  out  and  gobbed,  ^»^^^ 
the  main  and  clean  benches  shot  down  from  above.  The  n».^^^ 
benches  would  yield  from  2^  to  4  feet  of  fairly  clean  coal;  on  ^^ 
average,  perhaps  about  3  feet.  With  this  figure  as  an  average,  "^^^® 
yield  per  acre  may  be  conservatively  placed  at  3,500  tons.  Fr — ^^^ 
tlie  sections  of  the  coal  given  in  fig.  5,  it  will  be  seen  that  the  dan^^^'^ 
of  introducing  unduly  large  amounts  of  ash  into  this  coal  durrr:^^^ 
the  course  of  actual  mining  is  very  great,  and  the  amounts  of  s 
represented  in  analyses  1  and  5  are  perhaps  below  what  would 
found  in  practice.  If  the  entire  bed — that  is,  the  three  main  ••'^^ 
benches — is  to  be  mined  and  successfully  marketed,  pains  must  . 

taken  to  eliminate  the  bone  and  clay  where  they  are  of  abnorn^^^ 

thickness.     This  may  be  accomplished  either  by  hand  picking-^ 7. 

slow,  tedious  method  and  one  which  in  the  hands  of  miners  is  lia^^  \^ 
to  lead  to  injury  both  to  the  reputation  of  the  company  and  to  t:^^^ 
coal — or  by  washing.  The  expense  of  the  latter  operation  ought  \^^^^^ 
to  exceed  from  5  to  7  cents  per  resulting  ton  of  coal.  In  no  C8^^^^ 
^ould  it  appear  advisable  to  mine  any  coal  below  the  lower  spli^^ 
d. 


oish 
be 
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LOWEB   COALS. 

Extent, — The  lowest  coals  developed  in  this  district  are  those 
arest  its  southern  edge,  as  the  rise  of  the  beds  to  the  south  brings 
successively  lower  horizons  toward  the  southern  edge  of  the  quad- 
igle.  Certainly  the  lowest  exposed  coal  beds  in  the  entire  quad- 
igle  occur  in  the  section  southwest  of  Gallup.  As  will  be  seen  from 
?  section  of  the  Pottsville  formation  on  pages  38-39,  and  from 

sections  on  PI.  IV  (p.  28),  four  small  coals  are  found  below  the 
aron  sandstone.  None  of  these  coals  has  ever  been  worked  in  this 
idrangle,  though  one  of  them  measures  24  inches  at  one  point, 
tween  the  Sharon  and  the  next  massive  sandstone  above  is  about 
feet  of  shale  with  two  small  coal  beds.  The  higliest  of  these 
iLs  has  been  worked  near  a  sharp  bend  in  the  railroad  track  south 

Torchlight.  "Where  measured  on  the  outcrop  this  coal  is  10 
;hes  thick.  The  sandstone  above  it  was  formerly,  though  prob- 
ly  erroneously,  correlated  with  the  Sharon  sandstone  seen  on  Ever- 
in  Creek.  About  2  miles  south  of  Torchlight  there  is  at  this  hori- 
a  100  feet  of  almost  continuous  sandy  l)eds  with  two  slight  breaks 
ar  the  middle.  Above  this  massive  member  are  several  small  coal 
(Is  in  an  interval  of  30  to  35  feet.  A  detailed  section  of  this  group  of 
als,  measured  near  the  mouth  of  Lower  Gavitt  Creek,  below  Torch- 
jht,  is  as  follows : 

Section  of  coals  at  the  mouth  of  Lower  iiavitt  Creek,  Lawrenee  County,  A'//. 

Ft.      In. 

Shale,  black,  and  clay 2    2 

Coal 

Parting-  **  Little  Cannel".    

Coal , 

Sandstone,   laminated 10 

Coal .__  1 

Shale,  sandy,  or  fire  clay 2-3    8 

Coal 2    5 

Shale 2    5 

Coal 3 

Shale,  drab  to  dark 2 

Coal 1    8 

Shale,  black,  and  fire  clay __   2    3 

Slate,  black,  and  bone. 

Fire  clay 3 

Bed  of  creek. 

rhe  uppermost  of  these  coals  is  workable  over  a  considerable  area 
the  southeast  corner  of  the  quadrangle  and  may  be  looked  for  at  a 
itance  of  about  140  feet  l>elow  the  Torchlight  coal.  It  is  present 
the  hills  along  Levisa  Fork  and  Thrcemile  Creek,  gradually  rising 


fi8  SCOKOlflC  OBQLOGY  OF  HE^dV£'lQ6%^4KGLE. 

from  railroad  level  at  the  mouth  of  Lower  Gji\ritt  Creek,  just  be- 
low TcNTchli^t  statiim*  West  of  T^rba  Fork  this  eoal  appsan 
above  drainage  level  near  1h»  head  of  Lick  Creek,  the  group  of  eod 
blooms  in  which  the  ^  little  Omnel ''  belongs  appearing  ne^r  the 
summit  of  the  ridge  in  the  road  at  the  head  of  Lick  Creek.  Tbe 
diaracter  of  the  coal  in  this  vicinity  could  not  be  determined,  owing 
to  the  £ict  that  it  has  not  been  opened,  but  west  of  the  Left  Fork  of 
Little  Blaine  it  has  been  opened  in  a  few  places  near  the  level  of  tbe 
creek  and  is  of  workable  thickneaSy  though  badlj  split  up  by  bone  and 
fire-clay  partings. 

On  Bight  Fork  of  Little  Blaine  the  litfaologic  succession  is  not  bo 
characteristic  as  to  the  eastward.  Near  Adams  a  massive  sandstone 
appears  above  the  bed  of  the  creek  and  risei^  gradually  to  the  south  up 
the  creek.  On  the  hill  southeast  of  Adams  a  distinct  coul  blossom 
may  be  seen  dose  to  the  top  of  this  sandstone  with  the  shale  above 
it.  The  sandstone  underlying  this  coal  may  be  traced  with  hardly  ^ 
break  up  the  creek,  and  about  three- fourths  of  a  mile  scnith  of  Adam^ 
the  coal  directly  above  it  is  worked.  Instead  of  being  overlain  by 
shale,  as  at  Adams,  it  is  now  capped  by  a  very  niaR«?i¥e  sandstone,  and 
the  coal,  as  nearly  as  can  be  estiimated,  is  about  110  feet  below  the  ^ 
Torchlight  bed,  and  is  r^arded  tentatively  as  of  the  '*  Little  O^^* 
nel "  group,  though  it  may  be  higher. 

Development. — The  "  Little  Cannel ''  coal  has  been  opened  near  tfr^ 
head  of  Threemile  Creek  and  at  one  time  was  mined  and  shipped  fro^ 
this  locality  over  the  old  Qiatteroi  Railroad.  About  5,000  tons  ^^^ 
reported  to  have  been  shipped  before  the  road's  alignment  was  chang^^ 
to  its  present  location  along  Levisa  Fork.  Operations  ceased  as  * 
result  of  the  financial  panic  in  1893,  and  since  then  nothing  on  * 
commercial  scale  has  been  attempted. 

A  short  distance  south  of  Torchlight  the  coal  has  been  worked  ^^ 
a  small  scale  and  a  few  hundred  tons  have  been  removed,  und^'* 
lease  from  the  Torchlight  Coal  Company.  There  are  small  opening'^ 
north  of  the  station  and  in  the  hills  on  the  west  side  of  the  foT^' 
Developments  on  Left  and  Right  forks  of  Little  Blaine  Creek  s^ 
of  local  importance  only  and  supply  the  country  trade.  Though  tWs 
coal  is  above  drainage  level  along  the  headwaters  of  Rich  Creefc  >* 
does  not  seem  to  be  of  sufficient  thickness  to  justify  opening  it>  on 
even  a  small  scale. 

Character.— Th'iH  \)qxI  of  coal  is  known  as  the  "  Little  Cannel  "  bei 
about  Torchlight  for  the  reason  that  it  contains  near  the  middle  of  ^^ 
upper  bench  a  thin  band  of  coal  with  enough  volatile  matter  to  place  it 
among  the  cannel  coals.  Sections  obtained  near  Torchlight  (sections 
1  and  2,  fig.  6)  show  this  coal  to  vary  from  a  thickness  of  19i  inches 
north  of  the  tipple  to  2  or  2^  feet  south  of  the  tipple  of  the  Torch- 
light Coal  Company.    This  coal  is  split  into  two  benches  with  a  part- 
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ig  of  one-half  to  1  inch  of  clay  near  the  bottom.  The  cannel  layer  is 
ot  shown  in  the  sections  given  in  fig.  6,  but  occurs  near  the  middle 
f  the  upper  bench  and  ranges  from  3  to  G  inches  in  thickness.  It 
ssembles  splint  coal  rather  than  true  cannel.  Perhaps  the  cliief  value 
f  this  bed  in  the  future  will  result  from  this  band  of  cannel.  Four 
ches  of  cannel  to  2  feet  of  coal  may  be  taken  as  a  conservative  aver- 
se of  the  two  grades  of  coal  in  this  bed.  On  this  basis  it  comprises 
le-sixth  of  the  total  coal  and  would  yield  about  483  tons  per  acre, 
suming  the  specific  gravity  of  1.194  determined  by  Mr.  Hislop.  It 
parates  fairly  readily  from  the  bituminous  coal  above  and  below 
id  breaks  out  in  large  blocks. 

The  coal,  as  a  whole,  is  moderately  lustrous,  with  yellowish  brown 
reaks.    The  cleavage  is  laminated  with  cross  fracture,  angular  to 


I 


€3.  6. — Sectlong  of  lower  Pottsvllle  coals  in  Big  i^andy  district.  I,  "  Little  Cannel  " 
ooal,  north  of  Torchlight;  2.  "Little  Cannel"  coal,  south  of  Torchlight;  3.  Hiram 
Blackburn,  Left  Fork  Little  Blaine  Crock ;  4,  John  R.  Pack.  Right  Fork  Little  Blaine 
Ci^reek;  5.  Mary  Hayes.  Right  Fork  Little  Blaine.  Creek :  0.  E.  C.  Mclnster.  Right  Fork 
r^lttle  Blaine  Creek.     Scale.  1   Inch  =  5  feet. 

ibconchoidaL  On  the  fire  it  intumesces  arid  agglomerates.  Analyses 
•e  as  follows: 

Analyses  of  "  Little  Cannel "  coal  from  Lcvisa  Fork, 


hter 

blatile  matter 

Ixed  carbon 


Dlphur.. 


2.70 

4r..(>i 

47.17 

3.1)0 

.62 


1.  Department  of  mines  and  metallurgy-.  World's  (^oliiinhlMn  Kxposltiun.  analyst. 

2.  George  R.  Hislop,  Paisley  Gas  Works,  analyst. 

George  R.  Hislop,  of  the  Paisley  Gas  Works,  who  has  made  a 
Bther  exhaustive  test  of  this  coal  and  has  also  studied  tlie  resulting 
uses,  reports  that  "  this  is  an  excellent  cannel  coal.  It  is  easily  dis- 
iUed,  yields  a  large  volume  of  34.20  candle  gas,  and  alfords  at  the 
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same  time  10.25  hundredweight  per  ton  of  excellent  residual  coke. 
The  foul  gas  contains  a  moderate  percentage  of  impurities.  Com- 
pared with  main  Lesmahagow  cannel  coal  taken  as  100,  calculated  on 
the  basis  of  13,000  cubic  feet  of  gas  and  1,535.5  pounds  of  sperm  per 
ton,  and  having  regard  for  the  secondary  products  and  the  cost  of 
purification  of  the  gas,  this  coal  is  equal  to  107.48."  * 

TRANSPORTATION    FACILITIES. 

Transportation  facilities  in  the  Big  Sandy  Valley  district  are  fur- 
nished at  present  by  the  Chesapeake  and  Ohio  Railway  along  Levisa 
Fork  in  Kentucky  and  by  the  recently  completed  Norfolk  and  Wes- 
tern Railway  along  Tug  Fork  in  West  Virginia.  The  line  of  the 
Cliesapeake  and  Ohio  Railway  was  formerly  up  Threemile  Creek 
after  crossing  Levisa  Fork  at  Walbridge,  and  the  roadbed  of  this 
old  line,  from  which  the  steel  was  removed  about  fifteen  years  ago, 
is  still  in  fair  condition  for  a  spur  track  from  the  main  line  at  Wal- 
bridge, should  the  developments  on  Threemile  Creek  warrant  its  con- 
struction. In  addition  much  of  the  Big  Sandy  region  is  readilf 
accessible  by  water.  The  improvements  along  the  river  projected 
by  the  Federal  Government,  which  are  now  partly  completed,  are* 
expected  to  provide  navigable  depths  many  miles  south  of  the  liniitf 
of  this  qujuh-angle  and  to  provide  a  navigable  season  througli  the 
entire  year  instead  of  six  months,  which  is  now  the  average.  The 
facilities  for  cheap  transj)ortation  that  will  be  offered  wlien  the?<' 
ini])rovenients  are  completed  are  so  obvious  as  to  need  no  comment 
here.'^ 

CHESAPEAKE  AND  OHIO  RAILWAY  DISTRICT. 
EXTKNT. 

The  district  tributary  to  the  Chesapeake  and  Ohio  Railway  in- 
cludes nearly  the  whole  of  Boyd  County,  together  with  small  parts  of 
(ireenup,  C'aiter.  and  Lawrence  counties,  Ky.  Its  eastern  boundary 
has  already  been  descrii)ed  as  the  ridge  separating  the  watei^s  of 
lV]*r  Sandy  and  East  Fork.  The  ridge  separating  the  watei*s  of 
Little  Sandy  Iviver  and  East  Fork  of  Little  Sandy  has  been  chosen 
as  its  Avestern  boundary.  On  the  south  it  is  limited  by  the  ridge 
south  of  Straight  Creek  and  the  headwaters  of  East  Fork.  Thi> 
(li>tiict  includes  all  the  operations  along  the  Ashland  Coal  and  Iron 
Kailwav  as  far  south  as  Straight  Creek. 


"  Cinupnre  other  cannol   coals   on    pp.    sS-'Ji:. 

''  See   Survey   of  I'i;:   Sandy   River,   West    Vir;:inia  and   Kentucky,   including  Levisa  and 
Tug  I'urks  :   House  Doc.  No.  320,  TiGtb  Cong.,   1st  sess. 
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GEOLOGY. 

The  rocks  in  this  district  are  comprised  in  the  Pottsville,  Alle- 
leny,  and  Conemaugh  formations.  The  highest  beds  belong  to 
le  Conemaugh.     This  formation  is  not  represented  in  its  entirety 

any  point  west  of  Big  Sandy  River,  so  far  as  known.  The  east- 
ard  dips  which  cause  the  lower  beds  to  cover  most  of  the  surface 
ist  of  the  Ashland  Coal  and  Iron  Railway  bring  the  Conemaugh 
ds  lower  and  lower  in  the  hills  toward  Big  Sandy  River.  They 
e  the  only  surface  rocks  in  the  southeastern  part  of  this  district, 
lere  they  have  a  thickness  of  300  to  400  feet.  At  the  base  of  this 
miation  is  a  rather  massive  sandstone,  well  shown  west  of  ^Vlley 

the  hills  bordering  Pigeonroost  Creek.  Above  the  sandstone,  at 
rying  distances,  but  rarely  exceeding  40  feet  and  usually  less, 
curs  a  fossiliferous  limestone,  one  of  the  Cambridge  beds,  which 

closely  overlain  by  another  massive  sandstone.  Thus  the  lower 
ndred  feet  of  the  formation  is  usually  sandy  and  is  accordingly 
mparable  with  the  lower  part  of  the  Conemaugh  at  the  mouth 

Big  Sandy  River.  Though  here  and  there  the  upper.-jpart  of  the 
rmation  contains  massive  sandstone,  it  is  shaly  for  thejmost  part, 
e  shales  being  reddish  and  purplish,  with  local  green  layers.    Many 

these  shaly  members  would  be  of  value  Avere  they  situated  near 
les  of  transportation.  Nq  commercial  coals  are  known  in  this 
rmation. 

The  Allegheny  formation  in  this  district  has  a  thickness  aver- 
^ng  from  nearly  180  to  200  feet.     The  general  section   (PL  IV, 

28)  illustrates  well  the  number  and  relations  of  the  coal  and  clay 
ds  in  this  formation.  About  Ashland  its  basal  portion  is  very 
ndy  and  comparable  with  the  lower  part  of  the  Allegheny  in  Ohio. 
5ee  section,  pp.  30-31.)  Farther  south  the  massive  phase  of  the 
ndstone,  at  least  above  the  Winslow  coal  bed,  seems  to  change  to  a 
ore  thinly  bedded  or  shaly  sandstone,  the  remainder  of  the  interval 
etween  the  Winslow  and  Coalton  coals  being  shaly.  The  Coalton 
>al  is  usually  overlain  by  a  massive  sandstone  above  which  is  a  thin 
jd  or  purple  shale  bed,  well  exposed  on  the  county  road  east  of 
ummit.  From  the  top  of  the  sandstone  overlying  the  Coalton  coal 
)  the  base  of  the  Mahoning  sandstone  the  IxhIs  are  prevailingly  shaly 
1  character,  and  include  the  Hatcher  and  Zelda  coal  beds. 

The  materials  of  most  economic  importance  in  this  group  of  rocks 
re  coal,  fire  clay,  and  iron  ore.  In  most  places  the  valuable  coal  beds 
re  confined  to  the  lower  half  of  the  formation,  but  in  a  few  localities 
le  higher  coals  are  workable.  Not  more  than  three  distinct  work- 
ble  coal  beds  were  seen,  and  in  most  places  only  two  coals  are  of 
'orkable  thickness.  A  valuable  bed  of  fire  clay  occurs  well  toward 
be  base  of  the  formation  associated  with  the  Vanport  ('*  Hanging 
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Rock  '')  limestone,  and  this  limestone  is  overlain  in  many  places  by  a 
bed  of  iron  ore,  Avhich  in  the  early  seventies  was  greatly  esteemed  and 
extensively  mined  by  stripping.  Between  the  Winslow  and  Coalton 
coal  beds,  about  20  to  25  feet  above  the  latter,  is  found  a  kidney  iron 
ore  which  about  thirty  years  ago  was  worked  to  some  extent,  and 
about  25  feet  above  the  Coalton  coal  is  another  horizon  of  kidney  ore. 

In  a  general  way  the  rocks  of  this  formation  cover  the  surface  of 
the  district  in  a  zone  conforming  in  trend  with  the  structure  con- 
tours— that  is,  northeast  and  southwest.  West  of  the  Ashland  Coal 
and  Iron  Railway  the  Allegheny  is  present  in  the  tops  of  the  hills, 
but  east  of  the  railroad  the  dip§  cause  the  formation  to  occupy  a  lower 
and  lower  position  in  the  hills  and  to  disappear  well  up  toward  the 
head  of  I^ast  Fork  and  Straight  Creek.  In  the  northwestern  part 
of  the  district  they  cover  most  of  the  surface,  but  in  the  southeastern 
part  they  are  entirely  bt»low  drainage  level. 

The  lowest  beds  in  this  district  are  exposed  along  East  Fork  of 
Little  Sandy  River,  in  the  northwestern  part  of  the  district.  Here 
are  Pottsville  rocks  at  least  260  feet  thick.  To  the  east,  approaching 
the  center  of  the  basin,  the  Pottsville  gradually  descends  below 
drainage  level,  and  except  along  Ohio  River  the  territory  covered  by 
it  east  of  the  Ashland  Coal  and  Iron  Railway  is  very  small.  West 
of  the  Ashland  Coal  and  Iron  Railway,  in  the  hills  di^'iding  Little 
Sandy  from  East  Fork  the  Pottsville  reaches  well  up  to  the  hilltop?, 
and  its  I'ocks  are  c()ns])icuous  on  the  surface.  The  formation  is  piv- 
vailin^^ly  ^aiidy.  hut  perhaps  not  quite  so  much  as  in  the  region  alonjc: 
Tug  and  Levisa  forks.  Tlie  top  member,  the  Homewood  sandstone, 
maintains  its  usual  prominence  in  most  parts  of  this  district.  Alonir 
Ohio  River  near  Ashland,  and  to  the  southeast,  near  Cliffside  Parl^' 
this  member  is  unusually  massive,  attaining  in  some  places  a  thicknes> 
of  75  feet.  It  is  a  question  ^vhether  all  this  sandstone  is  really  of 
Ilomewootl  a<re,  for  west  of  Ashland  it  apparently  forms  one  massive 
clitr  reaching  to  the  base  of  the  (ire  clay  at  the  horizon  of  the  Vanport 
(*'  IIangin<j:  Rock  ")  limestone.  It  is  quite  possible,  therefore,  that 
the  upper  ])art  of  thi^  nuMnber  may  be  of  Allegheny  and  not  Potts- 
ville age.  Though  the  Homewood  sandstone  in  this  district  is  gen- 
erally massive,  south  of  Princess  and  near  Coalton  and  Rush  it 
dwindles  to  a  shaly  sandstone,  never  exceeding  and  rarely  reaching 
a  thickness  of  10  feet.  Taken  as  a  whole,  it  is,  however,  the  most 
I^rominenl  bed  in  the  Pottsville  in  this  district.  The  underlying  beds 
are  prevailingly  sandy,  chiefly  sandy  shales  and  shaly  sandstones, 
becoming  in  places  ])rominent  clitl'  makers. 

The  number  of  coal  l)e(]s  in  these  rocks  is  not  definitely  known.  It 
is  probabl(»  that  there  are  more  than  have  heretofore  been  recognized. 
Near  Princess  tunnel,  for  instance,  a  si^ction  was  measured  from  the 
road  corner  near  the  store  of  the  Princess  Land  and  Mining  Company 
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the  highest  exposed  rock  above  the  tunnel,  and  in  this  section  four 
d  beds  showed  within  a  distance  of  70  feet  below  the  top  of  the 
>mewood  sandstone.  On  the  road  ascending  the  hill,  a  few  rods 
rthwest,  G.  H.  Ashley  measured  another  section  to  the  top  of  the 
il,  which  showed  the  coal  beds  at  the  top  of  the  Pottsville  and  also 
na©  of  those  in  the  Allegheny.    This  section  is  as  follows: 

Section  near  Princess  tunnel. 

Top  of  hilL  Ft.       In. 

Sandstone,  shaly 8 

Sandstone,  shaly,"  calcareous 2 

Shale,  olive C 

Sandstone,  bard 2 

Shale,  olive G 

Streak  of  dark  shale. 

aay,  drab 2 

Iron  ore 1 

Shale,  olive G 

Coal  (Xo.  8) 2+ 

Clay,  light  drab—' 2 

Shale,  olive,  and  sandstone 12 

Shale,  olive 12 

Iron-ore  nodules 8 

Clay,  drab,  or  shale 4 

Sandstone,  olive,  shaly 7 

Coal  (No.  7) 1        3 

Shafe,  drab 3 

Shale,  sandy,  and  shaly  sjindstoiie 15 

Iron  ore,  red G 

Shale,  olive 5 

Sandstone,  hard  umssivo 15 

Coal 1        {) 

Clay,  drab 8 

Coal i 

Clay,  drab  flint G 

Clay,  black  carbonaceous  flint 0-2 

Clay,  light  drab,  sandy  at  base 7 

Sandstone,   green  and  white.  flDe-j:raiiHMl    (IIome-wcxMl — 

top  of  Pottsville) S 

Shale,  olive,  and  Are  clay 4 

Iron  ore G 

Shale,  drab (> 

Coal n 

Clay 2 

Coal -  5 

Clay,  light  drab _.  ;j 

Shale,  dark  drab _.       __  .  G 

Clay,  dark  drab  to  l)laclv _.   1 

Clay,  drab _     2 

Sandstone,  thin-boddod,  slialy _       _  _     _  _  12 

Shale,  sandy -      _.    5 

Coal IJ 


I 
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n. 

Kbali^,  r«dil[»b  brown —. ^______  1-1 

Vf>iil __„^ . ^_^^ ,„___^ 2 

rWuty  leotn, , ^.^ C^2 

Vftai ^..^_-_    1 

Clay  ... . ,^_„.,,,___ ^^,_._._„„^_„,  fj 

F!rt?  claj,  light  amK  wandj^^^-^ ..^^ — ^ , 4 

VfMt -___ ^_____^_. .^^^ _^  5 

Clny  ^-^^^ ^-.__— ^^ . .-. _^_^-,_,  1 

ro«; . „_.__^^_^_^^^^__^__^„,^-^^_.^_„_- 3 

Hbnle,  satnJ^  and  dnib  flre  Haf^^ .^^^ ^^_. C 

Slmh,  sandy ^,^^^.„^__,^.^ ^_ ^. 12 

Sandstone  —-. . _^^^ 15 

The  following  section,  compiled  from  barometric  menstirenxenl 
along  the  northern  edge  of  the  area  from  Argillite  eastward  t:^ 
Hood  Creek,  gives  a  general  idea  of  the  character  of  the  PoteviljW 
rucks  and  shows  also  the  position  of  the  workable  coals: 

SealUm  frvm  ArgiJUt^  to  HooA  Creeks 

Ft. 

Hatifli^totir,  lltimewcKttl ,„,—,_„_,  30 

Coal,  workable  In  iilaces* 

gtttndstont%  nUnly _,,^_,,,___,„^ 20-W) 

VmL 

Sandstone 6 

Coal 2-^ 

Sandstone 6 

Coal   (No.  3),  workable  in  places. 

Sandstone,  massive 10 

Concealed 15± 

Coal 5 

Fire  clay 4        8 

Shale  and  massive  sandstone 35 

Coaly  workable. 

Probably   sandy 50 

Coal 4 

Sandstone,  sbaly ^ 20 

Concealed 10 

Shale,  black,  and  fire  clay 10 

Concealed 10± 

Sandstone,  massive 10 

Concealed 10± 

Sandstone,  massive 10 

On  Catletts  Creek  and  in  the  eastern  part  of  Ashland  there  is  ^' 
important  bed  of  fire  clay  underlying  the  Homewood  sandsto^^ 
Formerly  the  iron  ore  in  this  formation  in  this  district  was  of  con^^ 
erable  economic  importance,  notably  the  bed  occurring  30  to  40  f^ 
above  the  Danleyton  coal,  called  by  P.  N.  Moore  "  the  main  bl^^ 
ore."  "    None  of  the  beds  of  iron  ore  of  this  formation  are  now  work^^ 

Report  on  the  eastern  coal  field :  Kentucky  Geol.  Survey,  vol.  C,  1884,  pp.  133-13^' 
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THE  CX)ALS. 
▲LLEGHHIT  GOALS. 

UPPER  COAL& 

The  highest  coal  bed  that  lias  been  worked  in  this  district  cor- 
responds with  coal  No.  9  or  the  Upper  Freeport  coal  of  the  Ohio 
section  and  with  the  Zelda  coal  in  the  Big  Sandy  Valley.  It  is  not 
of  sufficient  thickness  to  be  of  any  practical  importance.  It  has  been 
opened  by  Albert  Baldridge  near  the  mouth  of  Gamer  Creek  and  is 
reported  to  be  18  to  20  inches  thick.  In  the  road  20  feet  below  is 
the  bloom  of  a  lower  bed,  probably  the  Hatcher  coal,  which  is  not  of 
i¥orkable  thickness  here. 

COALTON   COAL    (NO.   7). 

Name. — ^The  highest  important  bed  in  this  district  is  the  Coalton 
c!oal,  or  No.  7  of  the  Kentucky  reports,  known  also  as  the  Sheridan  and 
as  the  Ashland**  coal,  though  the  latter  term  is  not  used  much  in 
northeastern  Kentucky.  In  southern  Ohio  this  is  considered  the  most 
important  of  all  the  coal  beds  and  is  known  under  a  variety  of  names, 
according  to  the  location  where  it  is  developed,  and  shows  a  com- 
mercial thickness.  Its  most  common  names  are  derived  from  the 
mining  centers  Nelsonville  and  Straitsville,  along  the  Marietta  and 
Cincinnati  Railroad.  It  is  also  known  as  the  Carbondale  or  Mineral 
City  coal,  and  in  Gallia  and  Lawrence  counties  the  name  Sheridan  is 
applied.  The  name  Coalton  will  be  used  in  this  report,  for  it  was 
mined  originally  at  Coalton  and  was  widely  known  under  the  name 
lif  Coalton  coal. 

Geologic  position. — ^The  Coalton  coal  lies  at  about  the  middle  of 
trhe  Allegheny  formation.  As  it  is  the  highest  workable  coal  in  nearly 
^U  of  the  district  under  consideration,  no  great  difficulty  should  be 
experienced  in  identifying  it.  It  lies  in  most  places  about  35  to  45 
Peet  above  the  next  lower  bed,  the  Winslow  coal  or  No.  6  of  the  Ken- 
tucky Survey,  and  from  40  to  60  feet  below  the  next  higher  or 
Hatcher  coal,  Na  8  of  the  Kentucky  series.  It  will  be  found  about 
LOO  feet  above  the  top  of  the  Homewood  sandstone  where  the  AUe- 
§:heny  formation  is  normally  developed  and  about  the  same  distance 
^low  the  base  of  the  Mahoning  sandstone.  Below  it  at  a  distance 
%i  25  feet  and  above  it  at  almost  the  same  distance  there  are  two 
Persistent  bands  of  kidney  ore,  the  lower  known  as  the  yellow  kidney 
ind  the  upper  as  the  red  kidney  ore.  These  ore  beds  have  long  been 
ised  as  datum  planes  from  which  to  determine  the  position  of  this 
^al,  a^  they  are  among  the  most  persistent  and  reliable  ore  horizons 
n  this  region. 

•Ohio  Geol.  Survey,  vol.  8,  pt  1,  1878,  p.  918. 
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EmtmA^Ti^  ciatrmp  of  the  oeml  wiD  be 
■Mp  (FL  I ).  lu  zotm  k  ftboot  10  miks  wide  in  tht 
of  die  dkirict  aDd  folkmi  tbc  nroctim  lines  to  the  soothwe^  grsd-  1 
UmOj  iMpering  mf*  it  spproadifii  lAlIkFd  um]  Webbville.  The  nap  i 
of  dbe  beck  i^ntbirmnl  mod  btyaai  tlie^  Iqwus  sdoo  cmrria^  tlii^  bed 
ebore  die  hilltop*.  II  m  praeot  in  mU  ifae  hilb  bordcriii^  WiUiijtti 
Creek  and  tti  tnlKiUfiee,  Stis^t  Crr^  ud  Ea^  Foi^  mnd  i^ 
bniidieSi  tafitb«&^  of  *f  ipVa  In  tbe  Flatwood^  area  south  of  A^- 
IhihI  die  hills  do  not  rise  qaitJt  hi^  ifnocigfa  to  catdi  it.  Tboogb 
preecpt  on  CatlHt*  Craek  and  Ktys  Crwt  it  i^  doubtful  wbedier  it 
k  so  dudk  «-"<  in  the  regioo  farther  west.  It^  horizon  is  al^  beUrred 
to  be  ebore  drainage  lerel  on  Chadwidi  Creek.  On  Gamer  Oe^  it 
baa  bem  cpemd  at  a  t^w  rtountry  banks. 

In  general  tbe  we^lem  Umiti^  of  the  Coal  ton  coal  outcrop  ooincitk 
with  the  htmntUry  between  Boyd  and  Grwnup  counties,  and  mmth 
of  Gh'eena[»  Coimty  follow  tb^  diride  between  Little  Sandj  River 
and  East  Fork.  The  poiiitJi  fm  the  various  creeks  where  it  deici?ntk 
below  drainage  level  toward  the  center  of  the  basin  are  plainly 
diown  on  PL  L 

Devetopfmui.—lt  may  W  .^ftatefl  that  over  nearly  all  of  this  difitric^ 
where  any  body  of  the  Coalton  coal  is  found  in  the  hills  it  has  etth^ 
been  pro«pi*rt4*^t  or  worked,    S<>!itliw«*<t  of  Ashland  in  the  hill^  Nm  ^'^ 
ing  Hood  Creek  it  is  prospected  40  to  50  feet  above  the  Winslo^ 
coal.    Near  Winslow  and  Summit  it  has  been  opened  on  many  faniB^ 
but  very  few  of  the  prospects  were  in  good  condition  in  the  summ^'^ 
of  11K)5,  while  the  reverse  was  true  of  the  underlying  Winslow.    t^ 
many  places  the  two  beds  had  been  opened  on  the  same  hillside,  bi-^ 
the  higher  coal  had  usually  been  abandoned  first.    This  fact  may  t^ 
explained  in  either  of  two  ways.     The  average   country    bank   ^^ 
worked  for  a  short  time,  and  when  the  workings  extend  far  into  th,-^ 
hill  and  the  expense  of  timbering  increases,  as  well  as  the  dange^"^ 
from  the  roof,  the  farmer,  unless  he  has  an  experienced  miner  dig^ 
ging  for  him,  will  abandon  his  bank  and  open  in  another  plac^ 
Another  explanation  is  that  the  lower  of  the  two  coals  immediately 
southwest  of  Ashland  may  be  superior  for  domestic  purposes.    It^ 
is  a  fact  that  on  many  of  the  farms  there  is  only  one  opening  on  each^ 
of  these  two  coal  beds  and  only  the  lower  coal  is  worked.    At  Wins-  ^ 
low,  above  the  Ashland  Coal  and  Mining  Company's  No.  8  mine  on 
the  Winslow  coal,  the  upper  or  Coalton  bed  was  opened  but  after- 
ward abandoned.     It  is  reported  as  too  "  pockety "  to  be  worked 
with  profit. 

This  coal  bed  has  been  opened  at  many  points  on  Shope  Creek 
near  Clinton  furnace.  It  disappears  below  drainage  level  at  the 
point  where  the  Catletts  Creek  road  joins  the  Shope  Creek  road. 
Along  East  Fork  of  Little  Sandy  it  has  been  opened  on  numerous 
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btrms  about  Mavity  and  Cannonsburg.  On  Gamer,  Pigeonroost, 
B*ourmile,  and  both  branches  of  Trace  Creek,  and,  in  fact,  on  all  the 
nreeks  flowing  into  East  Fork,  east  of  the  Chesapeake  and  Ohio  Bail- 
wRj  and  north  of  Gamer  and  Alley,  many  openings  have  been  made 
>n  this  bed. 

The  commercial  operations  naturally  have  been  confined  to  the 
:erritory  lying  close  to  the  Chesapeake  and  Ohio  Railway.  With 
he  exception  of  a  little  work  done  by  the  Ashland  Iron  and  Mining 
[Tompany  at  Winslow,  now  abandoned,  operations  on  this  bed  begin 
it  Princess  and  extend  as  far  to  the  south  as  Willard.  The  names 
>f  companies  working  the  coal  at  present  are  given  on  the  margin 
rf  the  economic  map  (PI.  I).  With  a  few  exceptions  the  operations 
tre  mostly  on  a  small  scale.  The  most  important  group  of  mines 
ire  those  belonging  to  the  Ashland  Iron  and  Mining  Company, 
ituated  near  Rush,  in  both  Boyd  and  Carter  counties.  Some  of 
are  worked  by  the  company  and  others  are  worked  under 
The  Strai^t  Creek  Mining  Company  is  another  large  pro- 
luoer,  as  are  also  the  Princess  Land  and  Mining  Company,  the  East- 
fm  Kentucky  Railroad,  John  Wurts,  and  the  Adkins  Coal  Company. 
rhe  remaining  operations  are  small  and  at  the  time  of  the  writer's 
isit  in  1905  some  of  them  were  closed.  In  some  of  the  mines  pil- 
ars were  being  drawn,  indicating  a  nearly  exhausted  condition. 
rhe  mines  along  the  Chesapeake  and  Ohio  Railway  from  Princess 
o  Bush  have  been  worked  many  years  and  large  quantities  of  coal 
lave  been  shipped.  Most  of  the  coal  above  drainage  level  and  con- 
veniently situated  for  exploitation  has  been  removed,  and  the  present 
perations  are  largely  renmants  of  what  were  once  very  much  larger 
nd  important  mines.  In  some  of  the  hills  the  coal  is  reported  as 
ompletely  exhausted. 

Physical  aspects. — A  series  of  25  sections  (fig.  7)  of  the  coal  bed  in 
lis  district  will  give  a  fair  idea  of  the  thickness  of  this  bed.  It  will 
B  observed  that  the  coal  occurs  usually  in  either  two  or  three  benches, 
ut  in  a  few  places,  as  at  the  mines  of  the  Ashland  Iron  and  Mining 
lompany  on  Rush  Creek,  four  benches  were  observed  (section  10). 
lost  of  the  measurements  made  in  this  district  and  to  the  southwest 
lx>ut  Willard,  Carter  County,  indicate  that  more  commonly  there 
re  three  benches.  These  benches  are  separated  by  bone  or  clay 
artings.  The  upper  parting  generally  ranges  from  1  to  5  inches 
ad  rarely  exceeds  1  foot  in  thickness.  In  most  places  the  lower 
arting  is  bone  from  one-half  inch  to  2  inches  thick.  About  Rush 
lis  parting  is  clayey  in  character  and  thin.  On  Mile  Branch  the 
lin  clay  stratum  observed  above  the  two  benches  is  of  interest  as 
ointing  to  conditions  of  deposition  similar  to  those  observed  else- 
rhere,  but  changing  after  this  clay  was  deposited,  with  the  result 
hat  shale  was  laid  down  instead  of  coal. 
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le  ta  two    ■ 


As  A  general  rtile  the  upper  bench  is  not  mined.  This  is  due  ta  two 
or  more  cause^^ — first,  this  bench  is  variable  in  thickness,  and,  sec- 
ond, it  is  liable  to  contain  much  s^ulphiir  and  boiip.    The  latter  condi- 
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Fig.  7. — Sections  of  Coalton  coal  (Kentucky  No.  7)  in  Chesapeake  and  Ohio  Railway 
district.  1,  Hills  southwest  of  Ashland ;  2,  near  Summit ;  3,  Princess  Land  and 
Mining  Company,  Princess ;  4,  Richard  Jauchlus.  east  flank  of  ridge  between  Maylty 
and  Coalton  ;  5,  east  of  Coalton  ;  6,  Mavity  ;  7,  8,  W.  V.  Sexton,  head  of  PIgeonroost 
Creek ;  9,  James  Sexton,  PIgeonroost  Creek ;  10,  Ashland  Iron  and  Mining  Company, 
head  of  Rush  Creek:  11,  12,  George  Hull,  Rush  Creek;  13.  John  Runyon,  North  Fork 
Trace  Creek  ;  14,  Equilly  Conley,  west  of  Bellefont ;  15,  Straight  Creek  Mining  Com- 
pany, Straight  Creek;  16,  W.  P.  Clay,  Straight  Creek;  17,  Morning  Glory  Coal  Com- 
pany, Grant ;  18.  Alex  McAlvin,  Cobb  Fork ;  19,  Norton  Branch  Coal  Company,  Sandy 
Shoal  mine  (Ashley)  ;  20,  Adklns  Coal  Company,  Rush;  21,  Ashland  Iron  and  Bflnlng 
Company,  No.  10 ;  22,  Ashland  Iron  and  Mining  Company,  No.  1 ;  23,  Mile  Branch, 
northwest  of  Kilgore ;  24.  Ashland  Iron  and  Mining  Company,  No.  2 ;  25,  Mile  Branch, 
1  mile  northwest  of  Kilgore.     Scale,  1  inch  «=  5  feet. 

tion  seems  to  prevail  at  the  openings  about  Straight  Creek  and  Den- 
ton.   Though  it  varies  greatly  from  point  to  point,  it  seems  to  be  of 
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workable  thickness  in  some  localities,  as  at  the  George  Hull  mines  on 
Rush  Creek  (sections  11  and  12,  fig.  7).    A  fair  thickness  of  the  upper 
l)ench  was  measured  in  the  mine  of  the  Straight  Oeek  Coal  Com- 
I>any  and  at  the  opening  worked  by  W.  P.  Clay  about  a  mile  farther 
north  near  the  Straight  Creek  Coal  Company's  tunnel,  but  in  this 
locality  the  upper  bench  is  too  heavily  impregnated  with  sulphur  to 
be  marketable  (sections  12, 15,  and  IG,  fig.  7).    At  the  Morning  Glory 
Company's  mine  near  Grant  it  is  of  workable  thickness  but  so  vari- 
able that  little  dependence  can  be  placed  on  it.    In  this  mine  2G  inches 
of  coal  were  measured  at  one  point  and  at  others  it  is  not  present.    A 
similar  condition  was  observed  by  G.  H.  Ashley  on  Mile  Branch. 
At  most  of  the  other  openings  visited  the  upper  bench  is  too  thin  to 
be  worked.    The  two  lower  l)enches  arc  almost  always  workable,  but 
even  this  statement  needs  some  qualification.    For  example,  a  measure- 
ment on  this  bed  in  the  hills  southwest  of  Summit  gave  a  thickness  of 
O  inches  to  the  upper  of  these  two  l)enches  ami  on  Mile  Branch  two 
measurements  by  Mr.  Ashley  show  1  foot  of  coal  at  two  different 
points.    Exceptional  thinning  was  also  noted  in  the  main  lower  bench. 
AS  indicated  by  the  measurements  obtained  at  the  Sandy  Shoal  mine 
near  Rush,  where  it  is  only  2  inches  thick  (section  10,  fig.  7).    These 
exceptional  figures  for  the  two  lower  benches  of  this  bed  do  not  de- 
stroy the  value  of  the  general  statement  that  these  benches  are 
usually  of  workable  thickness.    They  are  mined  together,  the  bony 
{Darting  being  separated  l\y  hand.     They  average  very  close  to  20 
inches  each,  the  lower  being  usually  slightly  thicker  than  the  other. 
The  two  benches  range  collectively  from  about  8  feet  8  inches  to  4 
feet,  a  fair  figure  for  the  l>ed  as  a  whole  being  about  8  feet  0  inches, 
not  counting  the  bony  parting.    As  much  as  4  feet  0  inches  of  coal 
lias  been  seen,  though  this  figure  must  be  regarded  as  altogether  ex- 
ceptional.   No  average  minimum  thickness  can  be  given,  for  the  coal 
varies  from  the  figures  given  above  to  a  mere  knife-edge  and  in  places 
completely  pinches  out.    In  the  description  of  the  general  geology  of 
this  district  a  mass  of  sandstone  was  described  as  usually  overlying 
the  coal.    As  a  rule  it  does  not  immediately  overlie  the  coal,  but  when* 
it  does  the  coal  suffers  and  at  some  places  may  Ih^  reduced  to  only  a 
^ew  inches  in  thickness.     The  operations  on  this  bed  near  Coalton 
have  long  since  been  suspended  and  a  measurement  in  the  hills  to  the 
east  was  obtained  at  a  small  roadside  bank  (fig.  7,  section  5).    This 
measurement  indicates  a  jmssible  coalescence   in  the  two  lower  or 
main  benches.     A  similar  condition  of  affairs  was  observed  at  the 
country  banks  of  James  and  W.  V.  Sexton  at  the  head  of  Pigeon- 
roost  Creek  (fig.  7,  sections  7  and  9). 

The  roof  of  a  coal,  though  not  a  part  of  the  bed  itself  in  the  strict 
sense  of  the  word,  is  nevertheless  of  great  importance,  for  on  its 
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diarieter  may  depend  the  margin  of  profit  that  justifies  the  niining 
of  the  coaL  The  tool  of  the  Coalton  bed  is  usually  shale  and  b  con- 
sidered to  be  fftirty  strong.  It  ranges  in  thickness  from  a  few  inches 
to  as  meny  feet.  In  some  places  this  shale  is  sandy ;  in  others  it  is 
rephu^  by  a  meaBiTe  sandstone,  the  cM>al  in  many  such  places  being 
very  thin.  At  the  iQeorge  Hull's  opening  near  the  head  of  Rush 
Cteek  a  few  feet  of  ^annel  shale  were  seen  above  the  coal>  Hie  catmel 
shale  was  also  obsenred  at  an  opening  owned  by  John  Bunyon  on 
North  Fork  of  Trace  Creek.  This  shale  sometimes  scales  off  or 
"  draws  ^  and  gives  more  or  less  trouble  in  the  entries,  but  in  the 
rooms  little  or  no  difficulty  was  reported  from  this  source.  The  &mw 
of  the  ooal  is  apt  to  roll  somewhat,  but  this  is  not  common.  Fault  itig 
is  rare  and  where  present  is  very  slight*  Small  faults  with  a  throw 
of  18  inches  were  reported  near  Rush  at  the  Ashland  Iron  and  Mining 
Company's  opening  No.  10.  The  superintendent  of  the  mine  reported 
that  the  largest  fiiult  known  to  him  in  the  region  around  Rush  was 
<me  near  Star  Fomaoe,  with  a  throw  of  6  feet. 

Chemical  a9peot$. — ^The  coal  itself  is  bituminous,  but  the  two  work- 
able benches  are  not  exactly  alike.  The  upper  bench  Is  soft  and  hts- 
trons  and  lareaks  into  tliin  blocks  or  slabs  along  charcoal  layers,  a 
characteristic  very  common  among  the  coals  of  this  I'egion.  The 
lower  bench  is  much  harder  as  a  nile  than  the  upper  bench  and  con- 
tains dull  bands  of  splint  coal.  This  coal  is  not  gaseous.  It  is  a  dry- 
burning,  noncoking  coal  now  widely  used  in  this  part  of  the  State 
for  steaming  and  domestic  purposes,  and  in  the  last  three  decades  it 
has  acquired  an  enviable  reputation  as  an  iron-making  coal,  being 
still  used  in  the  raw  state  for  this  purpose  by  the  Ashland  Iron  and 
Mining  Company  at  its  furnace  in  Ashland.  Its  application  to  iron 
making  began  in  1866,  when  it  became  evident  that  the  timber  sup- 
plies which  had  furnished  charcoal  for  the  numerous  furnaces  situ- 
ated in  the  Hanging  Rock  region  were  on  the  wane.  Its  use  has  con- 
tinued down  to  the  present  time,  naturally  decreasing  as  many  of  the 
furnaces  shut  down  on  account  of  the  high  cost  of  mining  the  iron 
ore  of  this  region  as  compared  with  the  cost  of  Lake  Superior  and 
Alabama  iron  ores. 

The  analyses  of  this  coal  show  a  rather  high  percentage  of  sulphur 
for  an  iron-making  coal.  The  coal  mined  along  Williams  Creek  near 
Rush  by  the  Ashland  Iron  and  Mining  Company  was  formerly 
washed  and  coked  before  using,  but  since  the  company's  washer  in . 
Ashland  was  destroyed  the  coal  is  used  raw.  The  ash  is  somewhat 
variable,  but  in  the  amounts  of  volatile  combustible  matter  and  fixed 
carbon  the  coal  shows  a  very  uniform  character,  as  will  be  seen  from 
the  following  seventeen  analyses: 
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1. 

2. 

8. 

4. 

5. 

6. 

7. 

8. 

Wmter 

Volatile  eombUBtlble  matter 
nxed  earboD 

8uiphmrrrrr'\v~".""vr."-"- 

::::::;: 

4.80 

34.20 

54.90 

6.10 

1.81 

61.00 

5.00 
84.60 
65.40 
5.10 
1.29 
60.50 

4.06 

34.24 

54.70 

7.00 

1.85 

61.70 

4.40 
31.10 
57.90 
6.60 
2.10 
64.50 

8.80 
33.30 
57.60 
5.80 
2.48 
63.40 

7.70 
28.16 
53.04 
11.10 

1.08 
64.14 

6.40 
27.22 
68.88 

7.60 

.97 

66.88 

6.60 
34.86 
54.64 

4.40 

.72 

69.04 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

Water 

Volatile  combUBtible  matter 

Fixed  carbon 

Aab ^ 

6.06 
82.94 
54.80 
6.20 
1.87 
61.00 

6.40 
81.40 
57.66 
4.54 
1.67 
62.20 

4.40 

38.00 

52.86 

9.14 

2.20 

62.00 

3.20 
85.06 
54.40 
7.84 
2.63 
61.74 

}  35.20 

43.80 
21.60 
1.30 

30.90 

63.80 
6.80 
2.05 

38.40 

54.76 
6.85 
2.05 

42.61 

62.06 
5.43 
1.82 

/    6.19 

132.87 

55.67 

6.67 

Sulphor 

Coke 

1.68 
62.80 

1 

I.  Average  sample  of  coal  from  stock  house  at  Ashland  furnace,  representing  coal  as 
actually  used  In  the  furnace.     Sampled  by  P.  N.  Moore. 

2-5.  From  rooms  in  mine  No.  4  of  Ashland  Coal  Company  near  Coalton,  Boyd  County, 
Sampled  by  P.  N  Moore. 

6-8.  Prom  the  upi>er.  middle,  and  lower  benches  of  the  coal  bed  at  the  old  Star  Fur- 
nace mines  above  the  furnace  near  the  mouth  of  Rachel  Branch,  west  of  Kilgore.  The 
samples  were  taken  from  the  pillars  which  had  been  exposed  for  some  time  and  probably 
contained  less  sulphur  than  the  freshly  broken  coal.     Sampled  by  A.  R.  Crandali. 

9  and  10.  From  the  upper  and  lower  benches  of  the  coal,  here  consisting  of  but  two 
members,  at  an  opening  on  Qum  Branch  of  Straight  Creek,  Mount  Savage  Furnace  prop* 
ertr.  Carter  County.    These  samples  were  selected  from  coal  on  the  dump  and  hence  are 

Sirobably  not  so  nearly  representative  as  those  taken  in  the  mines.     Sampled  by  P.  N. 
[oore. 

II.  Prom  the  old  Watson  drift  on  Lost  Creek,  near  Wlllard,  Carter  County.  Sampled 
l>y  P.  N.  Moore. 

12.  Prom  several  rooms  in  the  mine  west  of  Dry  Fork  at  Wlllard,  Carter  County,  main 
entrv.    Sampled  by  P.  N  Moore. 

1^16.  Analyses  furnished  by  the  superintendent  of  the  furnaces  of  the  Ashland  Iron 
mad  Mining  Company  at  Ashland ;  owing  to  their  incomplete  character  they  are  not  so 
Cood  as  the  other  analyses. 

17.  Average  of  first  twelve  analyses. 

As  will  be  seen,  most  of  the  analyses  are  of  coals  collected  by  P.  N. 
Jtfoore  and  A.  R.  Crandali  and  published  in  the  report  of  the  Ken- 
tucky Geological  Survey  on  the  eastern  coal  field  (vol.  C,  p.  181). 
These  samples  were  collected  by  "  cutting  a  large  number  of  pieces  of 
coal  from  the  whole  thickness  of  the  bed,  taking  them  in  regular  suc- 
cession from  top  to  bottom,  thus  representing  the  coal  exactly  as  it 
appears  at  the  place  of  sampling.  Slight  partings  of  pyritous  bands, 
large  enough  to  be  rejected  in  mining,  were  not  of  course  represented 
in  the  sample,  but  otherwise  impurities  were  taken  if  they  occurred 
at  the  place  of  cutting.  Wherever  possible  the  sample  was  taken 
:from  a  number  of  rooms  in  each  mine,  or,  where  the  coal  was  not 
opened,  from  as  many  outcrops  as  possible.  The  constant  endeavor 
lias  been  to  seciu^  samples  representing  the  coal  as  it  actually  occurs 
in  the  mines."  The  analyses  of  these  samples  were  made  by  Robert 
Peter  and  Mr.  Talbutt,  of  the  Kentucky  Geological  Survey. 

Some  striking  facts  are  brought  out  by  the  foregoing  figures..  The 
main  feature  is  the  remarkable  uniformity  displayed  over  the  broad 
area  from  which  the  samples  were  collected,  indicating  care  on  the 
part  of  the  samplers  and  uniformity  in  the  methods  employed. 
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The  average  of  Peter*s  and  Talbutt's  analv^^es  h  gi^-en  in  column 
and  slion  s  bow  slightly  most  of  the  analyses  deviate  from  the  average. 
The  figure  for  ash,  given  in  analysis  C,  is  of  interest  and  corroborates 
a  hlatement  made  earlier  in  this  bulletin  ass  to  the  bony  character  of 
the  topmost  of  the  three  benches.  It  is  this  bony  character  in  con- 
junction with  its  high  sulphur  content  that  stands  in  the  way  of  iU 
exploitation  even  where  it  is  of  workable  thickness.  The  content  of 
Rulphur  at  first  sight  seems  rather  high  for  an  iron-making  coaK  If 
all  this  sulphur  went  into  the  iron  it  would  perhaps  spoil  the  product 
but  figures  indicating  the  amount  of  sulphur  in  all  the  raw  materials 
used  in  the  charges  as  well  as  in  tlie  pig  iron  are  necessary  to  indicate 
the  way  in  which  this  constituent  is  distributed  in  the  slag  and  pig. 

The  coal  is  not  an  iron-making  coal  through  its  entire  extent,  Init 
only  at  certain  localitiesj  and  even  in  a  given  mine  the  variation  in 
the  impurities  may  l>e  such  that  only  certain  rooms  or  entries  can  be 
worked  for  furnace  coaL 

This  bei]  has  been  regarded  as  the  equivalent  of  the  Hocking  Val- 
ley coal  of  Ohio,  of  which  Orton  says^  that  "  as  a  furnace  coal  it  is 
i»ot  surpassed  in  the  State  and  scarcely  by  any  known  bituminous 
ctmh''  A  comparison,  therefore,  between  the  Coalton  coal  of  Ken- 
tucky and  the  Hocking  Valley  coal  of  Ohio  and  other  coals  wiiich  in 
the  past  have  been  used  in  the  raw  state  in  the  blast  furnace  may  have 
MHiic  nit<*rest.  The  following  analyj^s  represent  couls  whicli  accord- 
ing to  Moore  have  been  applied  for  such  use  in  Ohio,  Indiana,  and 
Illinois : 


Analyses  of  iron-making  coals  from  the  east-central  coal  field. 


1. 

2. 

3. 

4. 

6. 

6. 

7. 

8. 

9. 

Water 

6.19 

32.87 
55.67 
6.67 
1.68 

6.03 

36.48 
62.41 
6.13 
1.00 

6.64 

36.61 

52.21 

5.73 

1.57 

6.22 

32.65 

66.57 

4.66 

.95 

8.57 

82.70 

55.43 

3.80 

.47 

4.96 

34.62 

56.08 

4.39 

.62 

6.21 

84.29 

64.78 

4.72 

.62 

13.82 

35.16 
49.96 
1.06 
1.47 

6.49 

Volatile  combustible  mat- 
ter  

41 .88 

Fixed  carbon 

Aih    

46.45 
5.18 

Sulohur         -    - -    - 

2  98 

1.  Average  of  iwi^lrc  AnalFNCA  of  C<tAUati  eoal  Id  noiiheastem  Kentucky. 

2.  Average  of  I'Ti  mlm-H  of  tbe  IttK'klQg  ValU-y.  Ohio  Geol.  Survey,  vol.  5,  1884, 
p.  924.     N.  W.  Li^rd,  aHflJyst. 

3.  Average  of  upper,  loi^rr,  nnd  middle  LnFticheK  of  the  Nelsonville,  Ohio,  bed.  Ohio 
Geol.  Survey,  vol.  K  1^^*-  p.  *^f5.     N.  W,  I^rd,  Hnatyst 

4.  Average  of  "iph((^rti  Kamplpri  from  the  j^rvnt  bed  Id  the  immediate  valley  of  the 
Flocking  and  abotii   StraltHvllle.     Ohio  Geol.  Survey*  vol.  3,  p.  683. 

6.  Jackson  Shan  rn;,l  .iprk^^nn  t minTv.  *ihU^  i*hi'^  <;eol.  Survey,  vol.  5,  1884,  p.  1015. 
N.  W.  Lord,  analyst. 

6  and  7.  Lump  coal  from  bed  No.  1,  Schmidgall  Coal  Company,  Murphysboro,  Jackson 
County,  111.  Composition  and  character  of  Illinois  coals;  Illinois  Geol.  Survey,  Bull.  No. 
3,  p.  70.     S.  W.  Parr,  analyst. 

8.  Brazil  block  coal  from  No.  1  shaft,  Brazil  Block  Coal  Company,  Clay  County.  Ind. 
Twenty-first  Ann.  Kept.  Indiana  Dept.  Geol.  Nat.  Res.,  189G,  p.  106.  W.  A.  Noyes, 
analyst. 

1).  Brazil  block  coal  from  No.  3  shaft,  Brazil  Block  Coal  Company,  Parke  County,  Ind. 
Twenty-first  Ann.  Kept.  Indiana  Dept.  Geol.  Nat.  Res.,  1896,  p.  186.  W.  A.  Noyes. 
analyst. 


-  Ohio   Geol.    Survey,   vol.   5,    1884,   p.   923. 
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These  analyses  of  Ohio,  Indiana,  and  Illinois  coals  show  a  fairly 

close  agreement  with  the  average  analysis  of  the  twelve  samples  of 

the  Coalton  coal  of  northeastern  Kentucky.    The  figures  for  volatile 

combustible  matter  and  fixed  carbon  are  exceptionally  close ;  the  ash, 

moisture,   and    sulphur   show    considerable    variation.    The    above 

analyses,  taken  from  the  various  State  reports,  may  be  compared  with 

analyses  of  samples  collected  by  P.  N.  Moore  and  A.  R.  Crandall 

from  the  same  beds  in  the  different  States  mentioned.    The  mode  of 

sampling  was  the  same  as  that  followed  in  the  Kentucky  field,  and 

on  account  of  this  uniformity  in  sampling  the  results  of  the  analyses 

given  on  page  71  and  those  which  follow  are  really  more  strictly 

c*onn  parable : 


AnalyscH  of  iron-making  coals  from  the  caHt-central  coal  ftvhl. 


'^^•t«rw 

'Vola  tile  combustible 

matter 

3Pfxed  carbon 

-Ash 

Salphar 

Ooke 


5.19       3.26 


82.S7 

65.57 

6.57 

1.68 

62.30 


83.76 
54.42 
8.56 
2.24; 
62.98 


8. 

4. 

5. 

3.74 

4.40 

..54 

86.32 

35.08 

29.68 

65.74 

55.20 

67.06 

4.20 

5.32 

8.72 

1.299 

l.GT)})     0.7n8 

50.94 

60.52 

«.78 

2.(52 

32.0 1 
58.58 
6.7C 
2.472 
65.34 


9.      I     10.  11. 


3.44 

31.86 
50.54 
5.16  I 
1.370 
64.70 


.40  ;     2.70       2.(i8 


35.10  ; 

55.50  I 
9.00 
2.378 

62.50 


36.38 

65.04 

5.28 

1.664 

60.92 


I 


36.32 

53.58 

7.42 

1.803 

61.00 


3.46 

?r,.CA 
r>3.80 
(5.10 
1.848 


1.  Average  of  twelve  analyses  of  samples  of  the  Coalton  or  No.  7  coal  from  nortb- 
^^asterll  Kentackv. 

2,  3,  and  4.  Hocking  Valley  or  Nelsonvllle  coal,  from  mine  near  Nelsonvllle,  Ohio.  2 
ta  from  tbe  upper,  3  from  the  ml<]clle,  and  4  from  the  lower  division  of  coal. 

6.   From  tbe  well-known  Jackson  shaft  cool  of  Ohio. 

6  and  7.  From  two  of  the  best  mines  In  the  BIr  Muddy  coal  region,  near  Murphysboro. 
X\\.  Large  quantities  of  coal  from  both  of  these  mines  have  been  used  In  the  furnaci's 
m  South  St.  Louis. 

8,  9,  and  10.  Indiana  block  coal,  from  vicinity  of  Brazil,  Ind.  Samples  rcprosentlnK 
^tae  coals  from  three  different  mines.  p:ach  sample  was  taken  from  several  roomn  in  tho 
same  mine,  so  as  to  represent  the  mine  as  fairly  as  possible.  These  mines  rank  anions 
<tae  best  of  that  region,  and  coal  from  ull  of  them  has  been  successfully  used  in  the  fur- 
siace  for  making  iron. 

11.  From  the  Sheridan  pilnes,  T^wrence  County,  Ohio. 

2-5  and  11  sampled  by  A.  R.  Crandall ;  6-10  sampled  by  r.  N.  Moore. 

The  results  show  a  surprising  uniformity,  and  though  tho  Kentucky 
coal  shows  a  higher  moisture  content  than  the  other  coals,  yet  in 
other  respects,  especially  when  the  amount  of  sulphur  is  considered, 
it  compares  favorably  with  the  iron-making  coals  of  Ohio,  Indiana, 
and  Illinois. 

Amount  of  coal. — ^The  question  of  the  amount  of  high-grade  coal 
which  is  still  available  is  of  great  importance.  The  extent  of  the  ter- 
ritory above  drainage  level  underlain  by  the  Coalton  coal  can  he 
readily  seen  on  the  economic  map  (PI.  I).  It  should  be  borne  in 
mind,  however,  that  in  the  region  where  this  coal  is  indicated  as  lying 
above  drainage  level  it  has  been  largely  worked  out  and,  as  has  been 
mentioned,  most  of  the  mines  now  working  it  are  nearly  in  a  state  of 
exhaustion.  The  eastern  limit  of  the  coal  above  drainage  level  is  indi- 
cated on  the  economic  map.  This  coal  has  never  l)een  exploited  l)e- 
yond  this  line  by  shafts.    It  has  been  mentioned  (p.  46)  that  in  the 
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valley  of  Big  Sandy  River  its  character  is  such  that  it  may  n^v^r 
become  coinmercially  available^  but  all  over  the  district  now  under 
consideration  it  has  been  justly  relied  on  as  a  uniform  and  persistent 
bed.    Just  where  tlie  coal  l)egins  to  change  its  character  from  a  work- 
able to  a  nonworkable  bed  is,  of  course,  problematicuL     But  it  is 
reasonable  to  suppose  that  the  change  to  the  condition  observed  ahing 
Big  Sandy  River  on  the  south  side  uf  the  basin  may  be  gradual  and 
that  there  may  prove  to  be  a  very  considerable  body  of  workable  coal 
below  drainage  level  on  the  western  side  of  the  basin.     Thus  far 
prospecting  with  the  diamond  drill  has  not  been  attempted  and  the 
eastern  limits  of  workable  coal  are  .still  in  doubt.    The  eoal  will  havfr 
to  be  worked  by  shafting  and  must  be  approached  with  the  plan  of 
working  up  the  rise — that  is,  to  the  north  or  to  the  northwest.    On 
account  of  the  uncertainty  tH:>nnected  with  the  exact  zone  of  change- 
from  a  commercial  to  a  noncommercial  bed^  it  has  seemed  inadvisable 
to  make  an  estimate  of  the  good  eoal  still  available.     It  is  believed, 
however,  that  the  amount  is  large  and  will  repay  careful  prospecting  ^ 
with  the  diamond  drill. 


WINSLOW    l«AL    (NO.   6), 

Gmlogie  position. — The  next  lower  workable  coal  in  this  district  is 
known  as  coal  No.  6  in  the  Kentucky  reports.  It  is  known  as  the 
"  limestone  coal  "  in  the  region  about  Ashland,  Ky.,  fi'om  its  position 
as  the  first  really  important  bed  above  the  Vanport  ('^Hanging 
Rock  ")  limestone.  The  names  Keyes  Creek  and  River  Hill  coal  are 
also  applied  to  it.  In  Ohio  this  bed  is  known  as  the  Newcastle  coal  • 
and  is  correlated  with  the  Lower  Kittanning  of  Pennsylvania.  It  is 
usually  found  about  20  feet  or  more  above  the  Vanport  limestone  or 
ore,  and  its  distance  below  the  Coalton  is  from  40  to  50  feet.  About 
midway  between  the  two  coal  beds  is  the  red  kidney  iron  ore.  These 
three  well-known  horizons  should  serve  to  readily  identify  this  bed  of 
coal.  Near  Ashland,  Ky.,  and  Coalgrove,  Ohio,  the  rocks  associated 
with  it  are  massive  sandstones  and  all  over  the  northeastern  part  of 
the  district  where  this  coal  is  workable  the  beds  both  below  and  above 
it  are  prevailingly  sandy.  The  conditions  under  which  the  top  of 
the  Pottsville  formation  was  deposited  seem  to  have  continued  into 
early  Allegheny  time. 

Extent. — The  outcrop  of  the  coal  where  workable  has  not  been 
indicated  on  the  map,  for  the  Winslow  lies  so  close  below  the  Coal- 
ton  coal  that  the  representations  of  the  two  would  be  well-nigh  indis- 
tinguishable. The  Winslow  outcrops  in  the  northern  part  of  Boyd 
County,  where  it  is  extensively  mined  and  used.  Outside  of  this 
part  of  the  quadrangle  the  coal,  so  far  as  known,  is  not  workable 

•Ohio  Geol.  Survey,  vol.  5,  1884,  p.  122, 


j 


COAL— CHESAPEAKE  AND  OHIO  BAILWAY  DISTBICT.  76 

over  any  great  area.  It  is  particularly  important  about  the  city  of 
Ashland.  Along  Little  Hood  Creek  it  is  present  in  the  hills  on  both 
sides,  and  near  Pollard,  Oakview,  Winslow,  and  Summit  there  are 
openings  on  nearly  every  farm.  On  account  of  its  development 
about  Ashland  it  Was  thought  that  the  name  "Ashland  coal  "  might  be 
applicable,  but  the  next  higher  workable  coal,  or  Coalton  bed,  is  some- 
times inappropriately  known  by  that  name.  The  name  "  Winslow 
coal  "  will  be  used  in  this  report,  as  the  bed  is  now  being  mined  on  a 
commercial  scale  at  Winslow  on  the  Chesapeake  and  Ohio  Railway, 
a  short  distance  southwest  of  Ashland.  This  bed  of  coal  is  present 
in  all  the  hills  between  Little  Hood  and  Catletts  creeks,  along  Ohio 
River,  and  on  Keyes  Creek. 

Development. — It  is  extensively  developed  in  a  small  way  in  the 
northern  part  of  Boyd  County.  In  most  places,  however,  the  opera- 
tions are  on  a  small  scale,  most  of  the  railroad  mines  apparently 
being  closed,  with  the  exception  of  mine  No.  8  of  the  Ashland  Iron 
and  Mining  Company  at  Winslow.  About  Ashland  the  coal  is  exten- 
sively mined  at  small  banks  and  hauled  in  wagons  to  the  city,  where 
it  supplies  the  local  demand  for  fuel,  and  is  used  also  by  the  Ashland 
brick  plants,  by  the  river  boats,  by  the  furnaces  of  the  Ashland  Iron 
and  Mining  Company  for  generating  steam,  and  in  other  ways  up 
and  down  Ohio  River.  It  is  highly  regarded  as  a  steaming  coal  and 
retails  in  Ashland  and  Catlettsburg  at  8  or  9  cents  a  bushel. 

Character. — ^The  Ohio  reports  state  «  that  coal  from  this  bed  has 
furnished  the  entire  supply  of  Ironton  for  manufacturing  and  domes- 
tic purposes  and  that  upon  the  mines  of  this  bed  all  the  manufactur- 
ing interests  of  Ironton  have  been  built.  This  is  very  high  praise 
for  a  bed  of  coal.  The  section  of  this  bed,  together  with  the  quality 
of  the  coal  around  Ironton,  are  strictly  comparable  with  similar 
features  of  the  coal  at  Ashland.  The  two  towns  lie  within  sight  of 
one  another.  The  accompanying  sections  (fig.  8)  give  a  fair  idea 
of  the  thickness  of  the  coal. 

From  the  sections  it  will  be  observed  that  the  coal  usually  occurs 
in  three  benches,  the  upper  two  separated  generally  by  a  thin  bone 
pafting,  rarely  more  than  IJ  inches  thick.  These  top  benches  with- 
out the  bone  parting  range  in  the  aggregate  from  2i  to  3  feet  in 
thickness.  They  are  separated  from  the  lower  bench  by  a  clay  or 
shale  layer  3  to  8  inches  thick.  The  lower  bench  is  from  6  inches  to 
2  feet  thick  and  is  usually  worked.  The  roof  of  the  coal  is  sandstone, 
though  in  places  between  the  top  of  the  coal  and  the  base  of  the 
overlying  sandstone  a  few  inches  of  dark  shale  is  present.  The 
sandstone  locally  thickens  up  and  replaces  the  coal  comj)letely,  and 
rolls  of  a  few  square  feet  in  area  are  not  uncommon.  Some  slight 
faults  are  reported.    The  floor  of  the  coal  is  usually  clay.    The  coal 


•  Ohio  Geol.  Survey,  toI.  5,  1884,  p.  1044. 
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in  tiie  upper  two  bendiea  is  splinty  and  harder  than  that  in  the  low^r 
bench,  whidi  cnuahes  badly  in  the  pillars.  Like  the  other  t^uls  lu  the 
district,  the  upper  two  bodies  readily  break  into  blocks  or  slabs  6 
indies  or  more  thick.  The  ooal  should  be  daased,  tborefSoc^  as  a 
semiblock  ooaL  It  is  not  a  good  coking  ooal,  but  after-heinig  waAed 
has  been  made  into  cdce  by  the  Arfiland  Iron  and  Ifinmg  Gompaay 
and  used  in  the  furnaces  in  Ashland.  The  coke  is  apt  to  be  soft  and 
spongy  and  contains  a  rath^  hi^  peromtage  of  sdphnr.  The  re- 
sults obtained,  however,  when  mixed  with  a  small  amount  of  Pooa- 
h<mtas  cdce  were  satisfsoUvy,  and  a  very  good  oohe  was  made  by 
mixing  it  with  a  small  amount  of  Kanawha  ooal  and  cdkiiigthe  mix- 
ture, like  all  the  coals  in  this  district,  it  bears  stoddng  and  trans- 
portation well. 
1       2      3      f      5      e      7      8      9      10      11      12      irs 


Pio.  8. — Sections  of  Wlnalow  coal  (Kentucky  No.  6)  In  northern  part  of  Boyd  Comity. 
1,  2,  County  road  one-half  mile  east  of  Winslow ;  3,  Ashland  Iron  and  Mining  Com- 
pany, William  Wurtz,  lessee,  near  Winslow ;  4,  Mrs.  George  McKnight,  three-fourths 
mile  north  of  Winslow  ;  5,  Nancy  McKnlght,  three-fourths  mile  northeast  of  Winslow ; 
6,  Ashland  Iron  and  Mining  Company,  No.  8,  Winslow ;  7,  J.  M.  Ferguson,  south  of  Ash- 
land;  8,  James  Patten,  Koyes  Creek;  9,  near  Oakview  (Ashley);  10,  John  Gerard, 
near  Oakview  (Ashley)  ;  11,  in  hills  west  of  Ashland;  12,  Rush;  13,  Newcastle  coal, 
Ohio,  section  at  Newcastle.  Ohio  Geol.  Suryey,  vol.  5,  1884,  p.  1044.  Scale,  1  Inch  -■  5 
feet. 

Analyses  of  Winslou)  coal. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

MoifltiirA 

5.19 
41.86 
47.69 
5.26 
1.40 

3.40 
.32.30 
55.40 
8.90 
1.23 

2.94 

32.50 

56.70 

7.74 

1.97 

2.70 

86.70 

52.60 

8.00 

1.71 

4.01 

83.60 

53.34 

9.00 

1.31 

8.06 

86.60 

52.62 

7.11 

1.71 

Volatile  matter—- 

Fixed  carbon 

Ash 

43.52 

50.54 

5.94 

1.83 

42.05 

52.10 

4.85 

2.54 

40.17 

51.49 

8.84 

1.67 

2.97 
88.26 
8.77 

Sulphur 

1.24 

1.  Mine  No.  12  of  the  Ashland  Iron  and  Mining  Company  near  Winslow,  Ky. 

2.  West  of  Ashland.  ^^.     «     .    « 

3.  Newcastle  coal  from  tunnel  mines  near  1  ronton,  Ohio.  Ohio  Geol.  Survey,  vol.  5, 
1884,  p.  104r>.     N.  W.  I^rd,  analyst. 

4.  Turkey  Pen  Hollow. 

5.  Keyes  Creek. 

6.  Horse  Branch. 

7.  Amanda  furnace, 

8.  Average  of  first  seven  analyses. 

i),  Washod  coal  from  Ashland  Iron  and  Mining  Company's  No.  8  mine  at  WInalow. 

10.  Coke  from  No.  12, 

Analyses  1.  2,  9.  and  10  furnished  by  the  Ashland  Iron  and  Mining  Company ;  4,  5, 
fi.  and  *7  bv  Peter  and  Talbutt,  Report  on  the  eastern  coal  field:  Kentucky  Geol.  Survey, 
vol.  C,  p.  il. 

The  analyses  of  this  coal  show  discrepancies  so  great  that  it  is 
difficult  to  say  which  represents  the  average  for  the  region.     The 
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analyses  furnished  by  the  Ashland  Iron  and  Mining  Company  are 
unfortunately  incomplete,  but  if  the  moisture  in  them  is  considered 
a  part  of  the  volatile  matter  some  idea  of  the  latter  constituent  may  be 
had  by  subtracting  the  average  moisture  in  these  analyses  where  it  is 
given  from  the  volatile  matter,  in  which  it  is  apparently  included. 
The  results  obtained  by  this  process  indicate  a  content  of  volatile  mat- 
ter between  that  given  by  Peter  and  Talbutt's  figures  and  that  given 
by  Lord.  Averaging  these  results  with  those  given  in  the  last  five 
analyses,  the  volatile  matter  represented  in  all  will  average  about 
36.59  per  cent.  Other  averages  are  given  in  column  8.  The  results 
are  fairly  characteristic  of  a  bituminous  coal  of  high  grade.  The 
percentages  of  fixed  carbon  and  volatile  matter  indicate  a  good  gas 
coal,  but  of  course  a  coal  furnishing  only  a  second-grade  coke  would 
hardly  be  used  for  gas  making.  Though  the  coal  has  been  washed 
-.  and  coked,  it  furnishes  a  nonmarketable  product.  Coke  from  this 
^  ooal  has  never  been  used  alone  in  the  furnace,  but  always  with  some 
i  standard  coke,  like  Pocahontas  and  Kanawha  coke. 
-  As  a  steam  fuel  the  coal  gives  excellent  satisfaction.  Its  average 
analysis,  indicated  in  column  8,  shows  a  very  close  resemblance  in 
composition  to  the  average  analysis  of  the  Coalton  coal  in  this  region, 
which  is  highly  regarded  as  a  steam  coal.  It  contains  less  moisture 
than  the  Coalton  coal,  but  more  ash.  The  sulphur  in  the  average 
analyses  of  these  two  coals  is  about  the  same  and  the  volatile  matter 
and  fixed  carbon  in  both  coals  are  very  close.  In  the  Coalton  coal  the 
fuel  ratio — ^that  is,  the  quotient  of  the  fixed  carbon  divided  by  the 
volatile  matter — ^is  1.69  and  in  the  Winslow  coal  this  ratio  is  1.43,  a 
difference  of  about  0.25. 

The  sulphur  content  of  the  Winslow  coal  is  rather  high,  but  with 
respect  to  its  content  of  moisture  and  the  percentages  of  fixed  carbon 
it  compares  very  favorably  with  the  good  grades  of  bituminous  coal 
of  Ohio  and  Illinois.  It  does  not  rank  with  the  best  West  ^^rginia, 
Pennsylvania,  Kentucky,  Virginia,  and  Arkansas  coals. 

Amount  of  coal, — ^This  coal  has  been  described  as  one  of  the  more 
important  beds  in  the  southern  part  of  Lawrence  County,  Ohio.  It  is 
equally  important  across  Ohio  River  on  the  Kentucky  side  about 
Ashland.  Its  area  of  greatest  development  also  is  confined  to  this 
region.  Southward  about  Cannonsburg  and  Princess  this  bed  gradu- 
ally becomes  thinner,  until  at  Rush,  where  the  following  section  was 
obtained,  the  coal  becomes  too  thin  to  have  any  commercial  value 
whatever : 

Section  of  Winslow  coal  at  Rufth. 

Feet. 

Shale,  blue,  some  of  It  light  in  color 1 

Coal 1 

Shale,  black 1 J 

Fire  clay. 
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It  thus  appears  that  in  the  region  where  the  Winslow  coal  is  best 
developed  the  next  overlying  coal  is  not  developed  on  a  workable 
scale,  and  lice  i*ersa. 

Coal  No»  5  is  reported  by  Crandall  as  having  been  worked  near 
Buena  Vista  furnace,  on  Straight  Creek,  Boyd  County,  and  though 
badly  broken  up  by  partings  shows  38  to  40  inches  of  good  coaL" 
Crandall's  section  at  this  point  is  as  follows; 

Section  rjf  Xo.  5  coal  bed  on  ^t might  Creek. 
Shalt?. 
Coal   and   shale.  Ijic^«& 

«hale  --^^^ -^_-_.-_^._-_ _^__^ _^__^__^^ Q 

Coal ^ — ^ — ^      5 

BhaJe. 

Peter  and  Talbutt  ^'  found  I  he  composition  of  this  coal  to  be — 

Analugitt  «/  f^ottl  .Vfi.  H  nrar  Hm^na  Vittta  fttrtMvr,  t^n  Biraiffhi  CVrriU 

Moisture . ^,^ .___    3,2« 

Volatile  DJwtler--^-^-_^^-_-^^ .^^ - ^^___  32.30 

Fixetl  farbuu.. .-^ >^_^-^^„_^ ^^^_^^^.__^,_ .  S3. 00 

SiiU»hiir ,-   .., . . 2.0a^ 

No  openings  on  this  coal  were  noted  by  the  writer. 

P0TT8TILLE  C0AL8. 

A  brief  description  of  the  rocks  of  the  Pottsville  formation  has 
been  given  on  pages  19-20,  62-04.  It  has  been  stated  that  the  rocks 
of  this  formation  are  prevailingly  sandy,  and  that  associated  with 
these  sandy  beds,  which  may  be  pure  sandstone,  sandy  shale,  or  shaly 
sandstone,  are  three  classes  of  economic  deposits — coal,  fire  clay,  and 
iron  ore.    In  this  place  only  the  coals  will  be  consideredi 

CATLETTS  CBEEK  COAL   (NO.  4). 

Geologic  position.— The  highest  coal  in  the  Pottsville  formation 
in  this  district  may  be  called  the  Catletts  Creek  coal  from  the  fact 
that  it  is  exploited  along  the  creek  of  that  name.  It  corresponds 
stratigraphically  with  the  Upper  Stinson  coal  at  Boghead  and  with 
the  Lick  Creek  coal  of  the  Big  Sandy  Valley  district.  Its  position 
directly  below  the  Homewood  sandstone  serves  to  locate  it  at  once 
in  the  geologic  column.  Its  distance  above  the  next  lower  workable 
coal  in  this  district  is  probably  not  more  than  40  to  50  feet,  and  it 
lies  approximately  the  same  distance  below  the  Vanport  ("  Hanging 
Rock  ")  limestone  in  the  Allegheny  formation  in  the  eastern  part 
of  Ashland,  though  this  measurement  depends  largely  on  the  varying 
thickness  of  the  Homewood  sandstone. 

•  Kentucky  Geo!.  Survey,  vol.  C,  1884,  p.  19.         •  Idem,  p.  20. 
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Extent  and  development. — Although  this  coal  outcrops  over  a 
broad  area  in  the  district,  it  has  proved  of  workable  thickness  in 
very  few  places.  Its  outcrop,  if  drawn  on  the  map,  would  come  a 
little  below  that  of  the  clay  indicated  by  the  red  line. 

In  the  eastern  part  of  Ashland  it  has  been  prospected  at  numerous 
points  on  the  road  leading  to  the  city  cemetery.  Farther  up  Ohio 
River,  at  the  Weaver  Pottery  Company's  plant,  between  Sandy  City 
and  Catlettsburg,  it  was  formerly  worked,  but  the  bank  had  fallen 
shut  at  the  time  of  the  writer's  visit.  It  is  probable  that  this  coal 
may  be  of  workable  thickness  between  this  point  and  Ashland,  al- 
though there  is  a  possibility  that  it  may  be  replaced  by  the  massive 
Homewood  sandstone  of  this  region.  On  Catletts  Creek  it  is  work- 
able and  may  be  easily  traced  for  2  miles  west  of  Catlettsburg  to  a 
point  where  it  disappears  below  drainage  level.  In  the  valley  of 
Hood  Creek,  a  short  distance  northwest  of  Summit,  it  has  been  opened 
by  William  Crane,  and  near  the  mouth  of  Shope  Creek  A.  J.  Harris, 
on  whose  land  the  coal  has  been  opened,  reports  3i  feet  of  coal  with 
an  important  fire  clay  below.  At  Music  it  has  been  opened,  but  is  so 
badly  broken  by  partings  as  not  to  be  a  commercial  coal.  So  far  as 
known,  it  is  not  workable  at  any  other  point  in  the  district.  Develop- 
ments on  this  coal  are  not  on  a  commercial  scale.  In  all  the  localities 
described  above,  except  at  the  opening  of  the  O'Kelly  Brick  Com- 
pany, it  is  worked  only  during  the  winter  months  for  local  trade. 

Character. — ^The  reason  for  its  restricted  exploitation  is  at  once 
evident  from  its  section.  It  is,  in  fact,  a  thin  coal  bed,  and  this 
character,  in  connection  with  the  fircrclay  parting  running  through 
the  center  of  the  bed,  will  probably  bar  it  from  the  list  of  com- 
mercial coals  of  this  district  for  some  time  to  come.  Both  benches 
nowhere  measure  more  than  2^  feet  together,  and  the  parting  in 
the  middle  is  in  places  as  thick  as  one  of  the  benches  of  the  coal. 
It  usually  has  an  excellent  roof  of  massive  sandstone,  which  makes 
it  a  safe  and  cheap  coal  to  work.  Its  clay  floor  is  important 
commercially,  for  it  it  is  of  workable  thickness  and  of  a  quality 
good  enough  to  serve  as  a  bond  in  refractory  brick.  The  coal 
could  readily  be  worked  at  a  profit  in  connection  with  the  fire  clay, 
and  this  seems  to  have  been  understood  by  one  firm,  the  O'Kelly 
Tire  Brick  Company,  which  mines  the  clay  and  coal  in  the  eastern 
part  of  Ashland  (fig.  9,  section  3).  The  coal  is  of  the  lustrous  bitumi- 
nous variety,  but  contains  splinty  bands  and  is  on  this  account  rather 
hard.    It  breaks  into  thin  slabs  and  hence  is  blocky  in  its  nature. 

TORCHLIGHT   COAL    (NO.   3). 

Geologic  position. — ^The  next  lower  workable  coal  in  this  district 
is  at  a  distance  of  40  or  50  feet  below  the  base  of  the  Homewood  sand- 
stone and  hence  at  the  same  distance  below  the  Catletts  Creek  coal. 
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East  of  Danleyton  it  has  been  Qj>ened,  together  with  the  coals  occur- 
ring below  it,  at  a  few  points  about  SO  feet  Ijelow  the  top  of  the  Home- 
wood  sandstone,  which,  in  this  region,  is  a  prominent  cliff  loaker 
and  can  be  I'eadily  traced.  This  is  not  the  s^econd  coal  below  the  \nm 
of  tlie  Homewood  sandstone,  as  on  the  Hood  Creek  pike  two  small  l^ds 
were  observed  at  small  distances  above  this  coal.  It  in  very  probuhK'. 
however,  that  it  is  the  next  main  workable  coal  below  that  occurring 
immediately  Ijcneath  the  Homewood  sandstone.  It  is  also  certain 
that  this  coal,  which  is  the  one  opened  on  the  lands  of  the  Means  Ru.s- 
sell  Iron  Company  in  the  valley  of  Hood  Creek,  can  not  be  the  Cat- 
lett«^  Creek  coal,  for  the  two  coal  lieds  are  found  in  the  section 
exposed  from  the  point  where  the  main  Hood  Creek  pike  crosses  Hood 
Creek  northwest  of  Pollard  to  the  Flat  woods  aiw*.  It  is  pmbabje  th»t 
it  is  the  equivalent  of  the  Torchlight  coal  of  the  Big  Sandy  Kiver 


I 


Fio.  «.— SeetlOM  of  Catletttt  Crwk  (K*otiJ<'lcy  Nt».  4 J  and  TorirhHgftt  (Kentufky  No.  3r 
coals  In  Boyd  County.     Catletts  Creek  coal :  1,  Alex.  Chapin,  Catletts  Creek ;  2,  cotm^ 
tr>'    bank,    Catletts    Creek;    3,    0*Kelly    Brick    Company,    Ashland.      Torchlight   coalr 
4,  llood  Creek,  west  of  Ashland.     Scale,  1  Inch  «=>  5  feet. 

region,  and  of  the  Lower  Stinson  coal  at  Boghead,  and  hence  is  No.  3 
in  the  Kentucky  series. 

Extent  and  development. — This  coal  bed  is  present  above  drainage 
level  in  workable  thickness  over  only  a  small  part  of  Boyd  County. 
Both  to  the  east  and  to  the  south  the  dips  carry  it  below  drainage 
level.  To  the  west  and  south,  however,  in  Greenup  and  Carter 
counties,  it  is  found  above  drainage  level,  having  a  wide  distribution 
near  the  western  limits  of  the  quadrangle.  Within  this  district  it 
has  been  worked  on  only  a  small  scale,  owing  to  the  fact  that  it  is 
thin  and  badly  broken  by  partings,  but  along  Canes  Creek  and 
Stinson  Creek  in  Greenup  and  Carter  counties  it  is  one  of  the  most 
important  cannel  coals.  It  is  present  in  workable  thickness  in  the 
ridge  separating  Little  Sandy  River  from  East  Fork,  but  on  the 
eastern  flank  of  the  ridges  it  is  not  worked,  except  at  a  few  country 
banks.  Its  outcrop,  where  known  to  be  workable,  is  indicated  on  the 
economic  map  (PI.  I).  The  most  important  past  development  on 
this  bed  was  in  the  valley  of  Hood  Creek,  west  of  the  city  of  Ash- 
land, directly  overlying  a  massive  sandstone.  Though  it  has  been 
opened  in  many  places  northwest  of  Pollard  on  the  lands  of  the 
Means  Russell  Iron  Company,  all  the  openings  have  for  some  reason 
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been  allowed  to  fall  in.    The  section  and  character  of  the  coal  here 
are  unknown.    The  following  is  a  section  of  the  bed : 

Section  of  No,  S  boal  bed  of  the  Kentucky  Geological  Survey  in  the  valley  of 

Hood  Creek,  xcest  of  Ashland,  Ky. 

.  Sbale  root,  inches. 

Coal  with  bouy  streaks 15^ 

Coal,  bituminous,  with  splint  l>an(l8 IS 

Clay 3i 

Coal 9 

Fire  clay. 

The  bank  is  situated  so  that  it  is  often  flooded  at  periods  of  high 
water.  The  above  section  is  the  only  one  in  this  district  which  the 
writer  had  an  opportunity  to  measure;  hence  it  would  be  unjust  to 
base  a  judgment  as  to  the  character  of  the  coal  on  such  slight  evi- 
dence. It  is  apparent  at  once  that  if  the  section  is  a  true  criterion  of 
the  bed,  it  has  little  market  value  at  present.  The  upper  bench, 
which  is  the  main  workable  l>ench,  may  be  all  coal  in  many  places  and 
not  largely  bone  as  indicated.  If  this  bony  character  is  not  widely 
prevalent  the  upper  bench  alone  would  have  commercial  possibilities. 
The  parting  between  the  two  benches,  in  connection  with  the  thinners 
of  the  lower  bench,  injures  the  value  of  this  bed. 

The  coal  in  the  upper  bench  is  hard  and  contains  splint  bands,  and 
like  most  of  the  coals  in  the  region  will  bear  stocking  and  transporta- 
tion without  much  crumbling.  On  this  account  it  is  a  coal  which 
can  be  shipped  for  long  distances  and  not  suffer  much  in  transit. 

DANLEYTON   COAL. 

Geologic  position, — The  position  of  the  Danleyton  coal  bed  in  the 
geologic  column  is  very  plainly  indicated  in  the  section  between 
Argillite  and  Hood  Creek  (p.  04).    It  is  known  locally  as  the  ^"clod 
Seam,"  owing  to  a  clay  parting  which  it  contains.    Openings  on  it 
have  been  made  at  many  places  near  Argillite  and  Danleyton,  and 
it  may  be  called  the  Danleyton  coal.     It  occurs  110  feet  below  the 
base  of  the  Homewood  sandstone  and  from  30  to  40  feet  below  the 
horizon  of  an  ore  bed  which  must  have  been  of  considerable  im- 
portance in  the  region,  as  it  has  been  benched  to  a  great  extent. 
This  ore  has  been  regarded  by  Moore  as  the  main  block  ore,"  but  its 
relations  to  the  base  of  the  Homewood  indicate  a  lower  ore.     Cer- 
tainly the  coal  opened  below  it  is  much  too  far  below  the  Homewood 
to  be  regarded  as  the  equivalent  of  the  Xo.  3  or  Torchlight  coal. 

Extent. — ^The  Danleyton  coal  is  present  in  the  hills  bordering 
East  Fork  of  Little  Sandy  between  Danleyton  and  Naples,  but  south 
of  Naples  it  is  below  drainage  level.     Near  Argillite  it  occurs  150 

•  Kentucky  Gcol.  Survey,  vol.  C,  1884,  p.  138. 
47008-08 6 
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feet  above  railroad  grade,  and  has  been  opened  in  the  surrounding 
hills.  There  is  an  almost  continuous  line  of  country  banks  on  the 
outcrop  where  it  is  above  drainage  level  on  Gulp  and  Henry^ 
branches,  and  nearly  every  farmer  about  Danleyton  also  has  opened 
this  coal  for  his  private  use.  A  short  distance  east  of  Danleyton  it 
goes  below  drainage  level.  It  has  been  opened  near  Hunnewell,  on 
the  Eastern  Kentucky  Railway,  as  described  elsewhere  (p.  92).  At 
all  these  points  the  development  is  purely  local. 

Character. — The  accompanying  sections  (fig.  10)  illustrate  the 
character  of  this  coal.  They  show  a  striking  similarity  in  their  gen- 
eral features.  The  coal  where  seen  is  always  in  two  benches,  sep- 
arated by  a  clay  parting.  Each  bench  ranges  from  less  than  a  foot 
to  1^  feet  in  thickness.  The  lower  4  or  5  inches  of  the  upper  bench  is 
in  places  bony.  The  clay  parting  ranges  from  6  inches  to  more  than 
8  foot  in  thickness.  In  no  place  was  more  than  31  inches  of  good 
coal  seen  in  both  benches.  The  coal  is  of  the  usual  bituminous  vari- 
ety.   The  upper  bench  is  perhaps  more  lustrous  than  the  lower,  but 


Fig.  10. — Sections  of  Danleyton  coal.  1.  Mouth  of  IMgott  Branch;  2,  J.  U.  Prultt,  Culp 
Creek:  u.  mouth  of  IMpott  Branch;  4,  Henry  Branch;  5,  A.  W.  Callahan,  Danleyton 
Church  ;  0,  south  of  Danleyton  ;  7,  Turkey  Fork.     Scale,  1  inch  =»  5  feet. 

it  may  also  be  dull  and  splinty.  The  lower  bench  locally  breaks  out 
into  blocks  and  contains  splinty  bands.  The  thinness  of  this  bed  and 
the  [)r(»sencv  of  the  clay  parting  are  serious  hindrances  to  its  com- 
mercial possibilities.  So  long  as  thicker  coals  are  prevalent  in  the 
region  this  Ixjd  can  hardly  compete  with  them  in  the  trade.  It  is 
conveniently  situated  with  respect  to  transportation,  and  in  the 
future  may  be  developed  for  shipment.  It  is  reported  to  be  an  excel- 
lent stove  and  steam  coal,  and  is  widely  used  by  the  farmers. 

LITTLE  SANDY  VALLEY  OB  EABTEKV  XEVTT70XT  BAILWAT  DI8TBI0T. 

EXTENT. 

The  Little  Sandy  Valley  district  is  in  the  northwestern  part  of  the 
Kenova  quadrangle.  Its  eastern  boundary  is  the  ridge  separating 
the  drainage  of  East  Fork  of  Little  Sandy  and  Williams  Creek  from 
that  flowing  into  Little  Sandy  River.  It  will  be  seen  that  this  is 
an  irregular  line  running  southwest  from  the  northern  edge  of  the 
quadrangle  to  the  ridge  just  west  of  Means  tunneL    Southwest  of 
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this  point  the  boundary  swings  west  and  south  to  Mount  Savage, 
thus  allowing  a  part  of  the  Little  Sandy  drainage  basin  to  be  in- 
cluded in  the  Chesapeake  and  Ohio  Railway  district.  The  line  of 
the  Chesapeake  and  Ohio  Railway  has  been  arbitrarily  chosen  as  the 
southern  limit  of  this  area.  The  reason  for  the  choice  of  these 
boundaries  is  that  the  district  thus  set  apart  is  a  luiit  commercially, 
all  the  coal  mined  in  it  being  shipped  over  the  Eastern  Kentucky 
Railway,  which  follows  Little  Sandy  River  more  or  less  closely  till 
it  reaches  Ohio  River. 

GEOLOGY. 

This  district  lies  on  the  northwest  side  of  the  basin,  which  extends 
nearly  across  the  quadrangle  from  its  northeastern  to  its  southwest- 
em  border.  The  beds  dip  southeast.  It  will  be  seen  at  once  that 
from  the  center  of  the  basin  to  the  northwestern  edge  of  this  area 
lower  and  lower  beds  appear  in  the  valleys.  Therefore  the  lowest 
beds  stratigraphically  are  those  in  the  valley  of  Tvgarts  Creek. 

The  rocks  outcropping  in  this  district  occur  in  both  the  Pennsyl- 
vanian  and  the  Mississippian  series.  The  former  series  in  this  dis- 
trict includes  the  Pottsville  formation  and  a  part  of  the  Allegheny. 
The  Mississippian  series  includes  the  Maxville  limestone  lying  at  its 
top  and  a  part  of  the  Waverly  group. 

The  Allegheny  formation  is,  for  the  most  part,  confined  to  the  hills 
east  of  Little  Sandy  River,  but  its  base  is  present  in  the  tops  of  some 
of  the  highest  hills  between  Little  Sandy  River  and  Tygarts  Creek. 

The  next  lower  formation  is  the  Pottsville.     Considered  from  both 
an  areal  and  an  economic  standpoint  this  is  the  most  imi)ortant  forma- 
tion of  the  region.     Its  entire  thickness  is  represented  and,  since  it 
differs  so  markedly  from  its  equivalent  in  the  Big  Sandy  River 
region,  it  has  been  thought  advisable  to  prepare  a  general  columnar 
section  which  will  represent  it  in  this  district   (PI.  IV,  p.  28).     It 
includes  the  rocks  from  the  toj)  of  the  Maxville  limestone  to  the  top 
of  the  Homewood  sandstone,  in  all  very  nearly  400  feet.     In  some 
places  it  may  be  thicker  than  this,  but  in  others  its  thickness  may  be 
nearer  300  feet.    The  prevailing  character  of  the  rocks  in  this  for- 
:ination  is  sandy.    Lying  20  to  30  feet  above  the  Maxville  limestone 
occurs  the  lower  and  one  of  the  most  important  sandstone  members 
in  the  Pottsville — the  "  conglomerate  rock  "  or  "  conglomerate  forma- 
t;ion  '^  of  the  Kentucky  Geological  Survey.     It  is  not  a  simple  sand- 
stone at  all  points;  on  Everman  Creek  a  distinct  black  shale  which 
locally  contains  coal  occurs  near  its  middle.     The  fossils  obtained 
:troTn  this  shale  point  to  its  equivalence  with  the  Jackson  shaft  coal 
of  Ohio  and  the  Sharon  coal  of  Pennsylvania.     At  the  top  of  the 
Pottsville  is  another  important  sandstone  member,  the  Homewood 
Sandstone,  ranging  from  25  to  50  feet  in  thickness  in  this  particular 
district)  though  in  other  parts  of  the  area  it  may  attain  a  thickness 
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of  100  feet  or  dwindle  to  u  few  feet  of  siuidy  shale.  There  ai-e  other 
» important  sandstones  in  this  area;  for  example,  WIow  the  Danleylfm 
c5oal  iibout  Argillite  and  Hun ue well  a  massive  sandstone  60  to  TO  fwH 
thick  kIiows  in  the  hills  and  locally  the  i^haly  sandstones  and  j^aody 
shales  ^o  characteristic  of  this  formation  aasume  a  decidedly  sandy 
pha^e^  IxK'oming,  in  fact,  trne  sandstones.  The  deposits  of  chief  ^.ty 
^ftoinic  interest  in  the  Pottsville  are  coal,  cky,,  and  iron  on\  Thm^ 
H  ai'e  at  least  four  ilifferent  coal  horizons,  attaining  importance  in  ditfer 
ent  parts  of  the  district,  and  if  the  thin  beds  which  are  used  locally 
bnt  whic  Ii  may  never  assume  much  commercial  imi>ortanc6  be  counted 
the  numl)er  is  considerably  increased. 

The  next  lower  member  in  the  section  is  the  Maxville  limestone. 
This  rock  has  some  economic  importance  but  does  not  contain  any    . 
coal  fjeds.     It  is  very  restricted  in  its  distribution;  it  outcrops  oii 
Everinan  Oreek  at  a  few  points  and  in  the  valley  of  Tygarts  Creek- 
It  is  not  over  20  or  25  feet  thick. 

The  Waverly  group  underlies  the  Maxville  limestone*  Its  best^ 
development  in  thin  area  is  in  the  valley  of  Tygarts  Creek.  In  the 
hills  alioijt  Warnock  G.  H-  Ashley  measured  a  little  over  100  feet  oF^ 
this  ^roNp,  coniposi*d  of  shale,  shaly  sandstone,  and  sandstone.  The-^ 
IVaverly  group  has  l^eeii  divided  into  several  formations,  the  topmo^  — 
vf  which  are  the  Logan,  100  to  150  feet  thick,  and  the  Blackhand,  50-^ 
to  500  f^H't  thit'k,  T1k'1"(^  iwo  no  grounds  tn  warrant  dividintr  the-^ 
rocks  below  the  Maxville  into  more  than  one  formation  in  this  area — 
They  may  be  regarded,  therefore,  as  belonging  to  the  Waverly  group — 
They  are  of  minor  economic  importance,  as  they  contain  no  coal  beds,^ 
clay,  or  iron  ore  within  the  limits  of  this  district. 

THE  COALS. 
ALLEGHENY  COALS. 

The  rocks  included  in  the  Allegheny  formation  in  this  district  lie^ 
chiefly  east  of  Little  Sandy  River  and  cover  only  a  small  part  of  the^^ 
surface.     The  two  important  coal  beds  in  the  lower  half  of  the  AUe-  - 
ghen}^ — namely,  the  Coalton  and  the  Winslow — are  present  in  small  ^ 
areas  on  the  divide  between  Little  Sandy  River  on  the  west  and  East  ^ 
Fork  and  Williams  Creek  on  the  east.    These  deposits  in  general  are  ^ 
rather  small  to  be  exploited  commercially,  though  in  some  localities   « 
considerable  coal  has  existed.    At  the  head  of  Stinson  Creek,  for  in- 
stance, the  Coalton  coal  is  of  some  importance.    The  remaining  coal 
beds  of  the  Allegheny  formation,  outcropping  along  the  eastern  mar- 
gin of  the  Little  Sandy  River  region,  owing  to  its  southeastern  dip, 
will  be  worked  and  shipped  along  the  Chesapeake  and  Ohio  Railway 
and  are  considered  in  the  description  of  the  district  tributary  to  that 
line  (pp.  60-82). 
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P0TT8TILLE  COALS. 

UPPER   STINSON    CX)AL    (NO.   4). 

Geologic  position, — The  highest  workable  coal  in  the  Pottsville  for- 
mation occurs  near  the  base  of  the  Homewood  sandstone.  It  thus  cor- 
responds in  position  with  the  Lick  Creek  coal,  south  of  Louisa,  and 
the  Catletts  Creek  coal.  It  is  opened  and  worked  at  Boghead  by  the 
Kentucky  Cannel  Company,  where  it  occurs  30  feet  above  the  Lower 
Stinson  coal.  Strictly,  then,  this  coal  should  be  called  coal  No.  4,  if 
we  are  to  adhere  strictly  to  a  system  of  numerals  for  the  coal  beds. 
Both  this  coal  and  the  underlying  bed  fall  within  the  Mercer  group 
of  northwestern  Pennsylvania. 

Extent  and  development. — This  coal  has  l)een  called  the  "  Yankee 
vein  "  near  Hunnewell,  and  according  to  report  has  been  worked  near 
that  place.  It  is  of  workable  thickness  over  a  fairly  broad  area.  It 
is  present  and  as  a  rule  is  of  workable  thickness  in  most  of  the  hills 
of  this  district  east  of  Little  Sandy  River.    Workable  thickness  is 


llS'tannel 


Is^Cannd 


Fio.  11.— Sections  of  I'ppor  StlnHon  coal  (Kentucky  No.  4).  I,  2,  Kentucky  Cannel 
Company,  Boghead,  Ky. ;  ;i,  Miss  l>rendy  Jacobs,  hlll  west  of  Canes  Creek ;  4,  5.  Mount 
Savage.     Scale.   1  inch=5  feet. 

reported  about  Hunnewell,  but  its  greatest  thickness  is  to  the  south- 
west, in  the  hills  at  the  head  of  Wilson  and  Upper  Stinson  creeks. 
In  places  it  is  a  splint  and  bituminous  coal,  and  at  Boghead  it  con- 
tains an  important  cannel  layer. 

At  the  head  of  the  smaller  tributaries  flowing  into  Wilson  Creek 
from  the  east  it  is  opened  on  the  places  of  Miss  Drendy  Jacobs  and 
C.  G.  Brammell.  At  an  opening  on  Miss  Jacobs's  property  the  thick- 
ness of  this  bed  is  well  shown  (fig.  11,  section  3).  On  the  county  road 
between  Boghead  and  Seney  its  bloom  shows,  but  the  coal  has  not  been 
opened  and  little  is  known  of  its  thickness  and  charactei*.  On  I^)wer 
Stinson  Creek  it  is  worked  by  the  Kentucky  Cannel  Company  at  Bog- 
head, and  according  to  report  the  old  Ix»xington  and  Carter  Coal 
Mining  Company  worked  the  bed  in  the  past  in  the  hills  southc^ast  of 
the  present  openings  of  the  Kentucky  Cannel  Company,  shipping 
their  coal  overland  to  the  Chesapeake  and  Ohio  Railway  at  Music 
Still  farther  south,  in  the  hills  north  of  Mount  Savage  furnace,  this 
coal  has  been  opened  and  worked,  though  it  is  rather  thin  and  badly 


SCOFAMtC  d: 

'  broken  b}^  clay  partings.  At  some  of  the  prospects  yi sited  at  otlw^T 
points  near  Mount  Savage  it  shows  an  excel  km  t  sect  ion  ♦  as  :^en  in 
fig.  11  (sections  4'  niul  5).     This  coal,  tlierefort%  is  presi*nt  in  work- 

'  flble  thickness  over  considerable  territory  lying  b<^tween  the  heads  of 

^ Canes  <.'I^*ek  antl  ytraight  Creek.    West  of  Little  Sandy  River  it  is 

^present  only  near  the  tops  of  the  highest  hills, 

Chamt'ter, — It  will  be  seen  fn>ni  a  study  of  the  sections  gf  tkm 
il  bed  that  it  is  veiy  irregular  in  thickness.    The  coal  at  Boghead 

4b  comparable  with  that  mea.sured  west  of  Cane^  Creek  at  the  bant 
of  Mi^s  Drendy  Jacobs,  At  both  these  points  the  bed  consists  of 
tlii^ee  l>enehe.s,  separated  by  either  bone  or  black  clay  or  shale  part- 
ings^.   Tlie  coal  in  the  ujiper  l>ench  ranges  from  74  to  11^  inches,  ^ 

^ind  in  placei^  has  a  few  inches  of  bone  over  it.    The  middle  Ix^nch  4 

/ranges  from  1^  to  11  inches  and  is  of  soft  bituminous  coah  as  is  the  ^ 
npper  bench.  These  two  Ijenchea-are  separated  by  a  xjarting  not -4 
exceeding  (1  inches  thick  of  bone  or  black  shale.  At  Boghead  the-^ 
coal  shows  a  bottom  liench  of  canneK  varying  between  9  and  15  inches^  ^ 
and  separated  from  the  middle  l>eneh  by  about  G  iiiche^s  of  bone  or  ^ 
clay.  In  most  places  the  troal  bed  has  a  clay  floor  and  a  shale  roof  1 
whicli  requires  cai*eful  timlxnnng.    West  of  Cane  Creek  the  coal  in    i 

'  the  upper  two  benches  is  i^oft  lustrous  bituminous  coal,  m  at  Bog*  ^ 
head,  but  the  bottom  bench,  which  measures  2  feet  or  more,  is  splinty 
and  dull.  At  Mount  Savage  the  coal  appears  to  bt*  irregular,  show- 
ing in  one  place  the  simple  section  indicated  in  sections  4  and  5  (fig. 
11),  but  in  other  phices  being  badly  broken  by  clay  or  sliale  part- 
ings and  having  a  roof  of  shale  or  clay  or  the  massive  Homewood 
sandstone.  This  coal  is  opened  at  many  country  banks  near  Mount 
Savage. 

West  of  Canes  Creek  near  the  Greenup-Carter  county  line  this  coal 
is  developed  in  three  benches ;  the  upper  two  are  ordinary  soft  lustrous 
bituminous  coal  and  the  lower  bench  is  hard  and  splinty.  Both 
varieties  are  mined  for  local  use  in  the  region  and  give  excellent  re- 
sults when  used  for  domestic  and  steam  purposes.  At  Boghead  also 
the  upper  two  benches  are  soft  ordinary  lustrous  bituminous  coal 
mined  in  connection  with  the  cannel  but  kept  separated  from  it.  The 
cannel  from  the  lower  bench  is  peculiar  in  structure.  It  is  not  homo- 
geneous and  compact  and  does  not  break  with  the  conchoidal  fracture 
characteristic  of  the  more  familiar  types  of  cannel  coal  when  seen 
in  large  lumps.  It  is  irregularly  bedded,  or  lenticular,  the  individual 
beds  or  lenses  varying  greatly  in  their  two  larger  dimensions.  In 
places  the  width,  however,  is  not  more  than  an  inch.  The  thickness 
of  these  lenses  varies;  in  some  places  they  are  from  a  quarter  to  a 
half  inch  thick,  but  elsewhere  they  are  exceedingly  thin.  Along  the 
bedding  planes  are  flecks  of  lustrous  material.    These  may  be  due 
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1)  to  material  of  different  composition  originally  or  (2)  to  material 
rhich  may  possibly  have  undergone  less  physical  change  (macera- 
lon)  before  consolidation,  or  (3)  some  of  these  patches  may  be 
lickensided  surfaces  or  planes  of  movement,  suggesting  the  possi- 
ility  that  the  structure  of  the  rock  may  be  secondary  and  due  to 
lovement  after  the  coal  had  been  deposited.  'When  examined  closely 
lie  material  composing  the  lenses  is  seen  to  be  typical  cannel  in  every 
ray,  having  the  dull  appearance  of  more  massive  cannel  coal,  break- 
ig  with  conchoidal  fracture,  and  being  homogeneous  and  compact,  all 
n  a  small  scale.  With  the  exception  of  the  small  lustrous  patches 
nd  its  structure  when  viewed  in  large-sized  fragments,  it  is  like 
lore  massive  cannel  coal.  The  coal  mined  from  this  bench  is  kept 
^parate  from  the  bituminous  coal  of  the  same  bed  and,  with  the 
annel  from  the  next  lower  bed,  is  shipped  abroad,  where  it  is  used 
hiefly  as  a  gas  enricher,  being  very  high  in  volatile  matter  and  fairly 
>w  in  fixed  carbon  and  moisture. 

LOWER   ST1N80N   GOAL    (KENTUCKY   NO.   3). 

Extent — ^The  next  lower  workable  coal  in  the  Pottsville  formation 
ccurs  30  feet  below  that  just  described.  Thus,  were  the  numbers  ap- 
lied  to  coals  which  are  workable  locally,  this  would  really  be  No.  3  in 
le  seriea  This  is  probably  equivalent  to  the  Hunnewell  cannel  coal. 
a  the  past  it  was  extensively  worked  in  the  vicinity  of  Hunnewell 
imace  and  the  cannel  in  it  was  said  to  range  in  thickness  from  3  to 

feet.  It  is  present  in  all  the  hills  in  this  district  east  of  Little 
andy  River,  becoming  higher  in  the  hills  toward  the  west.  North 
f  Turkey  Fork  it  seems  to  lose  its  cannel  bench,  but  south  of  this 
ream  it  is  worked  by  the  Kentucky  Cannel  Company  near  Ilunne- 
ell  for  the  cannel  it  contains.  At  the  head  of  Canes  Creek  its  bloom 
lows  at  several  points  along  the  road,  but  little  prospecting  has  been 
ane  on  it  and  not  much  is  known  of  its  character.  Its  most  ini- 
artant  area  in  this  district,  and,  indeed,  in  the  entire  western  part 
E  the  whole  quadrangle,  is  the  irregular  square  included  between 
ower  Stinson  Creek  on  the  north,  the  limits  of  this  district  on  the 
ist,  the  Chesapeake  and  Ohio  Railway  on  the  south,  and  Little 
andy  River  on  the  west.  In  this  area  it  is  fairly  uniform  in  tliick- 
3SS,  though  it  varies  somewhat  in  physical  character.     At  Boghead 

is  worked  by  the  Kentucky  Cannel  Company  on  a  commercial 
lale,  chiefly  for  its  cannel  bench,  which  occurs  near  the  middle  of 
le  bed.  On  the  waters  of  Upper  Stinson  Creek  it  has  been  oj)oned 
:  numerous  points.  West  of  this  creek  and  between  it  and  Little 
andy  River  the  coal  bed  seems  to  lose  its  cannel  bench  at  most 
oints  and  to  consist  of  two  benches  of  ordinary  bituminous  and 
3lint  coaL    In  the  hills  about  Robin  Run  and  the  small  tributaries 
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of  little  Sandy  Biver  southeast  of  Grayaon  it  has  been  opened  at 
many  points  and  in  every  place  is  of  fair  workable  thickness.    Ho^ 
persons  on  whose  land  the  coal  is  worked  and  where  measoremefitd 
were  obtained  are  named  on  page  89.    Most  of  the  hills  west  ^ 
Little  Sandy  Biver  rise  high  enough  to  contain  this  coal  bed,  but  ^ 
the  time  of  the  writer's  visit  apparently  very  little  prospecting  h^^ 
been  done  on  the  bed  in  this  region  and  its  identity  with  the  coal  A^ 
scribed  southeast  of  Grayson  could  not  be  established  with  any  gre^V 
degree  of  certainty.    What  is  considered  the  equivalent  of  the  Ijotw^ss^ 
Stinson  coal  has  been  opened  on  Barrett  Creek  and  Everman  Cre^^ 
and  contains  some  cannel  coal  in  both  benches,  as  indicated  in  tb=3e 
section  obtained  on  the  land  of  David  Childers  (fig.  12,  section  12    '  V 
North  of  Everman  this  coal  is  present  over  broad  areas  in  the  hill — ^ 
bordering  Claylick,  Oldtown,  Lost,  and  Canes  areeks   and  Fa.^^''^ 
Branch,  but  at  no  points  were  any  openings  in  such  oonditioa  as  fl^  ^ 
enable  the  writer  to  measure  or  study  the  coal  in  detaiL    Near  tls:^^ 
mouths  of  these  creeks  the  coal  will  be  found  between  200  and  80C9^ 
feet  above  the  bottom  lands.    Crandall  *  states  that  in  the  neighbo^^^ 
hood  of  Baccoon,  Buffalo,  and  Laurel  furnaces,  whidi  are  located  ii^    ^ 
or  near  the  northwest  comer  of  this  district  on  Baccoon,  GmjUAM^^ 
and  Oldtown  creeks,  respectively,  this  coal  is  present  and  usually  •       ^  * 
feet  thick.    There  seems  to  be  no  reason  why  it  should  not  be  piiwiiitf  ^-^ 
in  workable  thickness  over  a  considerable  area  west  of  Little  Sand^-^^ 
River. 

Character. — The  sections  in  fig.  12  give  an  idea  of  the  thickness  or  ^-^ 
this  coal  and  the  number  and  character  of  its  partings. 

As  will  be  seen  from  the  sections  the  coal  in  some  places  consists ^**^ 
of  two  and  in  other  places  of  thi-ee  or  even  four  benches.  Southeast  ^^  ^ 
of  Grayson,  at  most  of  the  country  banks,  it  contains  two  benche^s^^^ 
(sections  2,  3,  and  4,  fig.  12),  separated  usually  by  a  thin  bone  part — -^j 
ing.  The  upi)er  bench  ranges  from  about  a  foot  to  15  inches  in^"^^! 
thickness;  the  lower  averages  about  the  same.  The  coal  varies  inX"^^ 
cliaracter  in  the  two  benches.  At  some  points  a  cannel  layer,  trom^^^ 
1  to  2  inches  thick,  is  present  at  1:he  top  of  the  upper  bench,  and  at  ^  -^ 
the  (leorge  Armstrong  bank  (section  2,  fig.  12)  a  6-inch  cannel  layer  "'^- 
was  obsei'ved  at  the  top  of  the  lower  bench.  As  a  rule,  the  lower  '^^^ 
l^»nch  is  more  splinty  and  harder  than  the  upper,  but  this  is  not  -^^ 
invariably  true.  This  bed  averages  about  2^  feet  of  excellent  coal  ^ 
in  tlie  region  southeast  of  Grayson.  On  Everman  Creek  (section  12,  ^  * 
fig.  12)  it  contains  more  coal  but  also  has  a  bad  bony  parting. 

Where  worked  at  Boghead  and  Hunnewell,  the  bed  usually  con-        ^ 
sists  of  three  l)enches.     The  upper  bench  is  ordinary  lustrous  bitumi- 
nous coal  and  varies  in  thickness,  being  about  5  inches  thick  at  Bog- 
head and  slightly  less  than  a  foot  at  Hunnewell.    It  is  separated 

•Kentucky  Geol.  Sun'ey,  vol.  C,  1884,  pp.  17-18. 
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from  the  middle  caimel  bench  by  a  bone  or  clay  parting,  which  is 
from  li  to  9  inches  thick,  being  thicker  near  Hunnevrell  than  at 
Boghead.  The  bottom  bench  is  similar  in  character  to  the  top  bench. 
At  Boghead  it  ranges  from  a  foot  to  14  inches  in  thickness,  and  at 
Hunnewell»it  is  slightly  thinner.  It  is  separated  from  the  middle 
caimel  bench  by  a  clay  parting  of  variable  thickneas,  this  parting  at 
Boghead  reaching  about  20  inches.  The  middle  bench  of  cannel  coal 
is  the  most  valuable  part  of  the  bed  at  Boghead  and  Hunnewell.  At 
the  latter  place  it  is  about  15  inches  thick.  At  the  old  Hunnewell 
workings  3  to  4  feet  of  cannel  coal  were  reported  as  foi'nierly  mined, 
but  no  such  thicknesses  as  this  are  now  being  worked.    At  Boghead 


--  J^ 


112"  . 

ICannel 


■15" 

ICannet 


ll^Cannei 


12 


llS^Cannel 


lircannel 


Id^Cannell 


9"Cannell 


FlO.  12. — Sections  of  Lower  Stinson  coal  (Kentucky  No.  .•?).  1.  IIIU  oast  of  <;rayson; 
2,  GcK>rgc  ArmHtroDK,  2  miles  southeast  of  (Jniyson  :  :\,  Uohin  Run.  '2  miles  southeast 
of  Grayson;  4,  John  Crawford,  Uobin  Kuu ;  r»,  0  (measured  by  ii.  H.  Ashley);  l-\), 
Kentucky  Cannel  Coal  Company.  Bo^'head.  Ky. ;  lo.  11.  Kenturky  Cannel  <^om1  Com- 
pany,  Hunnewell  mine;  12.  David  Childers.  Everman  Creek.     Scale.  I  Inch  =  5  feet. 

it  is  of  about  the  same  thickne.ss,  but  at  one  point  Doctor  Ashley  ineas- 
iired  27  inches  of  cannel,  separated  near  the  middle  by  a  l)r<)wn  slate 
or  clay  parting  5  inches  thick.  George  K.  Ilislop,  of  the  Paisley 
Gas  Works,  Paisley,  Scotland,  has  examined  the  cannel  coal  from 
the  Boghead  and  Hunnewell  districts.  Of  the  former  he  says:  '*A 
sample  of  this  coal  representing  the  entire  product  of  the  seam  is 
black  and  possesses  a  yellowish-brown  streak  and  high  luster.  The 
fracture  is  slaty,  coarse,  and  dull,  with  impressions  of  stigmaria, 
while  in  cross  fracture  it  is  conchoidal,  w^ith  coatings  of  fire  clay  on 
the  natural  partings  [joint  planes  presumably].  It  is  very  compact 
and  cohesive.  On  the  fire  it  partially  and  slightly  intumesces.  The 
color  of  the  ash  is  brown.    It  is  well  defined  in  stratification  and  is 
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of  very  uniforni  density,"  His  report  on  the  Hiinnewell  cannel  coal 
is  as  follows;  **  The  coal  is  black,  pc^sesses  considerable  luster  and 
yellowish-brown  streak.  The  fraeture  is  slaty,  coarse,  and  partly 
semiscalurifornu  with  numerous  impressions  of  stigma ria.  The  cross 
fracture  inclines  to  conch oidal,  with  di^posits  of  c^ilcium  carbonate, 
day,  and  iron  bisulphide  [pyrite]  on  the  natural  partings  [joint 
planes].  It  is  massive,  compact,  and  very  cohemve.  On  the  fire  it 
does  not  intnmesce.  The  color  of  the  ash  is  pale  brown.  It  is  well 
defined  in  stratification  and  of  very  uniform  composition  and 
density," 

Both  the  Boghead  and  Hunnewell  cannels  were  analyzed  and  sub- 
jected to  practical  tests  by  Mr.  Hislop,  with  the  following  results:* 


p- 


Result n  ttf  tmt/t  <tf  Kentucky  ftimtwl  ctmL 


Specific  trrfirlt^ ^. ^...,__.-^„-. _,.„.,_,. . . , ^.. 

Molstur«  expelled  mt  2U*  ^-  -     - .„.^ ^. .„ pereeal— 

Vi>liit[ie  matter -„^,.^— ,.,.,^.*^^_«.^_„^„_« ,.^^ , do..__ 

Fijc^d  cttrbou-*,.,. , _,_,^ .—. ,_--___-_..« , ^ do_,^ 

Sulpiiur „„ ,  „  r — _-7-  Z^.!^Jl^^L"^^SZI^J1^7JirZ^IIll — _ . .  Ido 

G«i  tier  ton  of  coal  at  flO"  F.  And  30  fnehes  toftrotnetw— -cubic  Iwt— 

Gas  trom  1  cubic  fmit  of  tooI ..^. ^^^^ do 

8(>eeUk  gmvtty  oi  the  gait ^ .__ „,_, __,_, alrl,DOt>.. 

JlyflrocartKjn*  ubi^iorbeij  by  bronntiiu ^-...^ ,^^,^--^^ percent.. 

Bmriiblllty  ol  1  cubic  foot  by  fj-tnch  Jet  tlnniti... ,^ ,.... , mtouUi,. 

Value  of  !  niblo  foot  ol  Bftn  In  «iK?rin ... ^_„.„„*- gratiis— 

Vfilue  of  E&is  frnrn  1  ton  ol  <'Ofil  In  sjwrm...^.-,^^. ^*-,,_„ .-_ ponad^i.. 

liluinlnfltlng  liowff  of  gn,^  In  rttitidsni  rnmllvii »»eui^a«-. 

RuiphDrt'tHd  hyiivo^im  (tlLjKt  lu  foul  sras— --^— —^ ^*^^^^,p«r«fflt-. 

Carbon  iHoXirJc  tCOni  in  fruil  v^as „..^ . _. dO-„. 

Carbon  monuxUle  i,00>  In  Utiil  njfls ,.^_^,^.,_.,. ,«,„^^,^,_.dr>_^-- 

Sulphur  ijltmJnaiod  with  voJatllu  ijrDdii£tH_^ ^«— — fiouads.. 

U^VID  PtObtrOTa, 

Tar  iwr  ton  of  eoaL, .,,*_„. „.,._„„ ^ , , ^ ^-_^„gft1lons,- 

Ammofilnml  llnuor  i*r  ton  of  coal . ^,.^_,^,^^,^*^^ .^^^^ .^. do..— 

Strcnictli  lit  KmrnonTarttl  Hqiior,._,__^ . . , 'TwafL- 

nyg^ro metric  water  i^r  ton  of  cuaJ ^^. ,_^^,_^ ^..___^^.>-.BiiDoni».. 

AquAOiiii    abflnrl^Eit    capiicity    ol    i*onl    (<tfit€-rniJned    bf    ponijtJpte    untnra- 
tlon)  „__^»_*,»*..^^^*„*^,_^„^__,^_.__,_ _, __._^__^^ . . ._  IMF  cenL.. 

Ooltt)  per  t4>n  of  eoaL_^,^-^^^^^„_,^ _„ ^^, ^_^__. ponod*-. 

Carbon  In  tb^^coke-..^^^^. . ._-. _.__i)er  wnt^^ 

AaIi  in  the  <?okt__,„ , ,* «..-__*-_. «,_„^*_*^»,„^*»^„„^,_,,do^^ 

Sulphtir  1q  cnku  jwr  ton  of  coaL. ,^^._^^^^ - _„-. . ^-potmdft.. 

Heating  iHiwer  ol  1  pound  of  eolra  (watmr  Irotn  l>nfllnr  point  Into  aUftiu)p 


Bc»c^ 


1.176 


1.21 

8^.17 

S.tB 


64U37 

TOO 

1S.33 

1.2S 
7.00 


2.71 


ii.ia 


well. 


I.fl5 


2.1 


6.^ 


4fiS,tl  -< 

&IS.12  ^ 

1,72S.W  ^ 

1.7S  -r 


a. 00 


ipioi.sa 

11  .SI 
7,«4 

ia,30 


In  summarizing  the  properties  of  these  cannels  Mr.  Hislop  makes 
the  following  statements.    Of  the  Boghead  cannel  he  says: 

This  is  an  exceedingly  rich  cannel  coal,  yielding,  as  It  does,  an  illaminating 
equivaJent  of  2,158.72  pounds  of  sperm  candles  per  ton,  while  the  coal  contains 
a  very  small  percentage  of  water  and  a  moderate  amount  of  sulphur.    This 

«Mr.  Hislop's  results  were  kindly  furnished  by  Mr.  S.  Q.  Bates,  of  the  Eastern  Ken- 
tucky Railway. 
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coal  will  be  found  a  valuable  one  for  the  enrichment  of  inferior  gasea.  Com- 
pared with  main  I^smaliagow  cannel  coal,  represented  by  100  (calculated  on 
the  basis  of  a  production  of  18,000  cubic  feet  of  gas  and  1,535.5  pounds  of  sperm 
I>er  ton,  and  having  regard  also  to  tlie  value  of  secondary  products  and  the  cost 
of  purification  of  the  gas),  this  coal  is  equal  to  134.03. 

Of  the  Hunnewell  caimel  coal  he  says: 

This  is  a  remarkably  rich  channel  coal;  it  is  easily  distilled,  yields  a  large 
volume  of  35.15  candle  gas,  and  affords  0.0  hundredweight  of  coke  per  ton  of 
medium  quality,  and  quite  avallalilo  for  heatings  in  furnaces  or  producers  in 
combination  with  that  from  a  bituminous  coal.  The  coal  contains  about  the 
average  amount  of  sulphur,  but  a  very  small  i)er  cent  of  water.  Compared 
with  main  I^smahagow  cannel  coal,  represented  by  100  (calculated  on  the 
basis  of  production  of  13.000  cubic  feet  of  gas  and  1,535.5  pounds  of  sperm  per 
ton,  and  having  regard  also  to  the  value  of  secondary  products  and  the  cost  of 
purification  of  the  gas),  the  coal  is  equal  to  111.23. 

In  the  Kentucky  State  mine  inspector's  report  for  1899*  there 
are  some  interesting  comparisons  given  between  other  cannel  coals 
of  Kentucky  and  certain  type  cannels  of  Great  Britain.  The  Bog- 
head and  Hunnewell  cannel  coal  compares  favorably  with  these,  as 
will  be  seen  from  the  following  table: 


Results  of  Hats  on  cannel  coals  of  Great  Britain  and  Kentucky. 


Location. 


GREAT  BRITAIN. 


"""Xwrnahagow 

_l-rync  BoBrheod.. 
^;=3lew  BatUe 


KENTUOKY. 

'ailing  Rock 

ir  Greek 

vlUe  Coal  Oo. : 

Boghead,  Bell  County _ 

Wlllaford- - 

itucky  Cannel  Co. : 

Boghead,  Carter  County 

Hunnewell,  Greenup  County. 


Gas  per  ton 
of  coal  (cu- 
bic feet). 

Illuminat- 
ing power 

of  gas 
(standard 
candles). 

Value  of 
gas  from  1 
ton  of  coal 
(pounds  of 

sperm). 

Coke  per 
ton  of  coal 
(pounds). 

13,201 
lH,l:Vi 
12,4(51 

34.  .Vi 
38.22 

:i:>.,34 

I,.'i02.00 
1,?23.00 
l.uOO.OO 

1.019 

L.Wl 

083 

14,210 
14,030 

3f>.ir> 

41.24 

i.76i.ra 

2,069.00 

1.178 
905 

i:).8a-. 
l.",8:r) 

36.26 
41.5;") 

1.964.87 
2.418.68 

1.069 
9ft"i 

14.7r,2 
14,2fK) 

:«.ir> 

,*t-).13 

2.ir)8.72 
1,72.'>.86 

072.83 
1.108.3;-. 

With  main  liesmaha^ow  caiinol  coal  as  KM)  (cak-iilatiHl  on  a  basis  of  a  pro- 
luction  of  13,000  cubic  feet  of  jxas  and  ],5Hr».5  pounds  of  sporin  jier  ton,  and 
avlng  regard  also  to  the  secoudarj'  products  and  tlie  cost  of  the  purification  of 
^krhe  gas) — 

Falling  Bock  cannel  is  equal  to 112.07 

Bear  Creek  cannel  is  iniual  to 137. 11 

Plnevllle  Willaford  cannel  is  ecpial  to 14S.81 

Kentucky  Cannel  Company's  Boghead  cannel  is  eipial  to 134.0;^ 

Kentucky  Cannel  Company's  Hunnewell  cannel  is  efpial  to._  111.2.'^ 

The  figures  and  analyses  piven  above  need  hardly  any  comment. 
*Xhey  indicate  that  the  cannel  coals  of  this  district  now  worked  by  the 


*  See  pp.  111-115  of  that  report. 
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Kentucky  Cannel  Company  are  of  th<?  highest  grade,  the  only  hln 
drance  in  mining  being  I  lie  moilerate  extent  of  the  territory  underlain 
by  them,  in  ^hich  respect  they  are  like  most  other  catinel  coala 


DAKLKYTOW  COAL. 
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ExtenL — About  60  to  70  feet  b<*low  {\n\  Hunnewell  csinnel  coal  is 
a  bed  which  has  been  dug  near  Hunn^well  and  which  outcrops  on  the 
hill  on  Cane  Creek  to  the  south.  Tt  ft! so  occurs  in  the  hill  2  miles 
southeaist  of  Grayson  in  a  similar  position,  but  locally  at  a  greater 
interval  below  the  Lower  Stinson  coaL  Alx)Ut  Hunnewell  it  is  called 
,the  ''clod  seanij'^  but  it  can  not  Ix^  positively  stated  that  this  is  the 
^*^clQd  seam"  of  the  Danleytoii-Argillite  district.  The  presumption 
is  strongly  in  favor  of  their  idt^ntity,  but  at  the  time  of  \*isit  the 
opening  at  Hunnewell  had  fallen  shut  and  the  coal  could  not  be  seen. 
It  is  probable  that  the  tx^d  cjceurring  near  Hunnewell  about  110  feet 
above  the  road  is  the  Danleyton  b^d,  as  the  two  are  characterised 
by  an  unusually  massive  underlying  sandstone,  and  their  distance; 
100  {&&i  below  the  base  of  the  Ilomewood,  is  about  the  same.  Near 
Hunnt^well  depot,  about  30  feet  below^  this  bed,  is  a  10  inch  coal  which 
is  probably  not  workable  in  this  district,  and  on  Turkey  Fork  a  small 
4-  to  5-inch  bloom  was  t^en  about  the  same  distance  above  it.  It  b  ,; 
possible  that  these  coals  are  those  reported  by  Mt>ore  as  occurring  ' 
above  CfandalPs  No.  1  coal «  near  Baccoon,  Buffalo,  and  Laurel  fur- 
naces ;  hence  the  coal  under  discussion  would  properly  be  called  No.  2 
in  the  series  of  workable  coals  in  this  region.  The  diflSculties  in  the 
way  of  correlating  this  coal  bed  with  a  coal  bed  west  of  Little  Sandy 
River  are  many.  East  of  Little  Sandy  Kiver,  on  Gulp  Creek,  Turkey 
Fork,  and  Cane  Creek,  the  position  and  relationship  of  this  coal  are  ^^ 

fairly  clear  with  reference  to  the  key  rocks  at  the  top  of  the  Potts 

ville  and  at  the  base  of  the  Allegheny.    West  of  Little  Sandy  River^^ 

the  latter  beds  are  generally  absent  from  the  hills,  hence  there  is  noth 

ing  definite  to  tie  to  except  the  Sharon  conglomerate,  which  is  some 

what  scanty  in  its  areal  distribution.^  It  is  believed,  however,  that^ 
this  bed  is  not  of  any  great  importance  west  of  Little  Sandy  River,  a  -^ 
conclusion  similar  to  that  reached  by  Crandall. 

DevelopTnent, — East  of  Little  Sandy  River  it  has  been  opened  on  M 
many  farms  near  Argillite,  but  never  has  been  shipped,  so  far  as  ^ 
known.  A  description  of  the  coal  in  this  immediate  region  has  been  ^ 
given  on  page  82.  Farther  souths  in  the  hills  along  the  Eastern  J 
Kentucky  Railway,  it  is  present,  and  has  been  opened  on  Turkey  Fork  - 
and  near  Hunnewell,^  110  feet  above  the  county  road.  The  bloom 
of  this  coal  shows  on  Black  Branch  of  Little  Sandy,  east  of  Pactolus, 

«  Kentucky  Geol.  Survey,  vol.  C,  1884,  p.  16.  "  Idem,  p.  46.  •  See  p.  82. 
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and  in  general  on  all  the  county  roads  east  and  southeast  of  Grayson 
ascending  the  small  creeks  to  their  sources.  On  Upper  Stinson  Creek, 
near  Stinson,  a  coal,  presumably  the  Danloyton,  lies  100  feet  below 
the  old  workings  of  the  I-iexington  Carter  Company,  which  has  been 
reported  as  working  the  Upper  Stinson  or  Xo.  4  coal.  This  would 
make  the  coal  come  about  70  feet  below  the  Lower  Stinson  cannel 
coal.  It  has  been  pi  >spected  at  this  point,  and  was  reported  22  inches 
thick  with  two  partings.  A  small  coal  20  to  30  feet  above  it  occurs 
here  similar  to  that  on  Turkey  Fork. 

West  of  Little  Sandy  River  the  first  coal  bed  of  any  importance  • 
above  Crandall's  No.  1  on  Barrett  Creek,  l^eing  thus  No.  2  of  the 
Kentucky  series,  is  found  about  120  feet  above  the  top  of  the  Sharon 
conglomerate.  Tt  is  approximately  00  feet,  or  slightly  more,  above 
CrandalFs  No.  I  of  this  region,  and  about  the  same  interval,  or 
sli^tly  more  ( 70  feet) ,  below  No.  3  coal.  West  of  Little  Sandy  River 
this  coal  is  usually  present,  but,  like  the  first  workable  coal  bed 


1 


3 

I 


-^IG.  13. — ScctioDB  of  Danloyton  and  Barrett  Crcok  coals.  I»anl«>y(un  coal:  1.  2,  Ever- 
man  Creek.  Barrett  Creek  coal :  3.  <Je<)rgc  Ev<.»rman  ;  4,  John  Duley.  Wolfpen  Branch  of 
ETerman  Creek;  5,  A.  .T.  Womack,  Right-hand  Fork  of  Everman  Creek;  i\  Near  Sa- 
maria, Lost  Creek.     Scale,  1  inch  =  5  foot. 

^bove,  it  is  opened  at  so  few  points  that  a  good  idea  of  its  character- 
istics can  with  difficulty  be  obtained.  Two  openings  on  liverman 
CJreek  were  visited,  but  the  coal  is  so  badly  broken  by  bone  partings 
*is  hardly  to  be  valuable.  Sections  1  and  2,  fig.  13,  show  the  coal  as 
^tneasured.  It  should  he  added  that  these  sections  were  nieasui*ed  near 
tihe  outcrop,  where  the  true  character  of  a  coal  is  sometimes  obscured. 
-At  the  bank  of  David  Childers,  where  the  second  section  was  ob- 
tained, it  was  reported  that  there  are  3  feet  of  coal.  At  the  time  of 
tihe  writer's  visit  in  October  the  owner  had  not  begim  to  dig  his  wintei 
supply  of  fuel  and  the  inner  workings  were  not  accessible.  It  is 
cjuestionable  whether  this  l>ed  will  add  much  to  the  coal  resources  of 
"tills  district 

BARRETT   CREEK   COAL    (NO.   1). 

Extent  and  derelopment, — The  next  lower  workable  coal  corre- 
sponds to  No.  1  of  the  Kentucky  Geological  Survey.  In  Crandall's 
general  section  this  coal  is  placed  about  40  feet  above  the  top  of  the 
Sharon  conglomerate,  which  is  practically  the  same  position  as  is 
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given  to  it  in  the  writer's  general  section.  (See  PI.  IV,  p.  28.)  It  is 
.about  60  feet  below  the  next  higher  workable  coal,  but  its  position 
with  reference  to  the  Sharon  conglomerate  where  this  bed  is  present 
will  serve  in  most  places  to  identify  it.  Crandall  has  stated  that 
"  it  appears  to  be  the  equivalent  of  the  Jackson  Shaft  coal  in  Ohio."  • 
This  is  perhaps  placing  the  equivalent  of  that  Ohio  coal  a  little  too 
high  in  the  Kentucky  series,  for  the  coal  associated  with  the  black 
shale  lying  within  the  Sharon  conglomerate  on  Everman  Creek  ap- 
pears to  contain  a  fossil  flora  similar  to  that  of  the  Jackson  Shaft 
*coal  of  Ohio,  and  hence  is  probably  more  nearly  the  stratigraphia 
equivalent  of  the  Ohio  coal  than  the  bed  50  to  60  feet  above  the  toj> 
of  the  Sharon. 

The  coal  has  been  developed  on  Barrett  Creek  at  many  points.    d_-| 
has  also  l^een  opened  on  Wolfpen  Branch  and  Righthand  Fork  c^l 
Everman  Creek.    On  Canes  Creek,  about  2^  miles  west  of  Ilopew^^  ]] 
station,  it  has  been  opened  by  Marion  Smith,  and  though  report^^j 
thin  it  is  of  excellent  quality  for  smithing  purposes.    On  Lost  Cre-^^ 
near  Samaria  it  has  been  opened  on  the  land  of  Mr.  Stevens.    Its 
bloom  also  shows  on  Oldtown  Creek  and  its  north  fork.    It  is  present 
in  all  the  hills  in  this  district  west  of  Little  Sandy  River  and  will  be. 
found  in  workable  thickness,  at  least  for  local  use,  over  a  broad  aifa. 

East  of  Little  Sandy  the  coal  is  not  so  extensively  distributed  abore 
drainage  level  owinijf  to  the  eastern  dips.  Between  Argillite  and  ^ 
Laurel  it  appears  as  a  small  bloom  at  a  few  points  on  the  county  road 
along  the  Eastern  Kentucky  Railway,  but  has  not  l)een  opened,  so  far 
as  known.  It  is  probably  this  coal  which  is  opened  at  a  few  points  on 
Cane  Creek  south  of  Hunnewell,  where  it  is  about  a  foot  thick. 

Character, — The  sections  in  fig.  18  give  an  idea  of  the  thickness  of 
the  Barrett  Creek  coal.  The  sections  show  that  it  is  comparatively 
thin,  and,  though  usually  of  workable  thickness,  at  many  points  it 
falls  l)elow  what  might  be  regarded  a^  commercial  requirements  for 
this  region,  namely,  2  feet.  It  consists  at  most  points  of  two  benches, 
an  upper  carrying  from  1  to  2  feet  of  coal,  and  a  lower,  nsually 
thinner,  ranging  from  2  inches  to  a  foot.  It  has  near  its  base  a  clay, 
shale,  (u-  bone  parting,  in  places  ()  inches  thick.  CrandalP'  ivports 
this  coal  bed  as  being  at  Raccoon  furnace,  just  north  of  the  northwest- 
ern corner  of  this  area,  about  80  inches  thick;  near  Butfalo  furnace 
on  Claylick  Creek  8  feet,  with  a  clay  parting  near  its  middle;  and 
near  Hopewell  station  8  feet.  The  coal  is.  for  the  most  part,  of  the 
soft  bituminous  type,  but  in  some  places  the  lower  bench  is  hard  and 
splinty.  Mr.  Ashley  observed  a  thin  cannel  bench  at  the  top  of  the 
upper  bench  on  Lost  Creek.  The  coal  is  regarded  as  of  very  high 
grade  for  local  and  smithing  purposes. 

"Kentucky  Geol.  Survey,  vol.  C,  1884,  p.  11.  *  Idem,  pp.  11-13. 
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LOWES*  COALS. 

About  50  to  60  feet  below  the  Barrett  Creek  coal  occurs  a  single 

small  coal  bed  and  in  places  a  second  coal  a  few  feet  still  lower. 

These  are  thin  beds  lying  near  the  top  of  the  Sharon  conglomerate, 

and  possibly  the  lower  coal  is  within  the  stratigraphic  equivalent  of 

the  Sharon.    Where  only  one  of  these  coals  is  present  it  is  impossible 

to  tell  which  of  the  two  it  is.    One  of  those  coals  was  exposed  in  an 

excavation  below  the  post-office  at  (irayson  and  appears  at  several 

points  on  the  county  road  south  of  the  town.    It  was  oi^ened  in  the 

bed  of  Town  Branch  to  the  west.    It  rests  directly  on  a  thin  bed  of 

quartz  or  quartz-like  micaceous  sandstone,  not  over  5  to  0  feet  thick, 

which  is  a  fairly  persistent  stratum  in  the  immediate  neighl)orhood  of 

Grayson.    The  two  coals  near  the  bridge  over  Little  Sandy  River, 

cast  of  Grayson,  are  probably  equivalent  to  the  coals  just  mentioned 

south  of  the  town.    They  also  are  too  thin  to  work  at  this  point.    In 

the  valley  of  Upper  Stinson  Creek  directly  east  of  (irayson  two  coals 

sshow  just  at  the  foot  of  the  hill  to  the  left  of  the  road  going  east,  and 

ait  the  edge  of  the  meadow  the  lower  of  these  coals  is  20  inches  thick 

and  has  a  bone  floor  and  a  shale  roof.    Tlie  fossils  collected  by  Mr. 

"White  were  not  distinctive.    Near  the  north  end  of  the  tunnel  of  the 

lEastem  Kentucky  Railway,  south  of  Hopewell,  this  coal  shows,  but 

liere  also  is  too  thin  to  work.    The  coal  was  also  noted  east  of  Pactolus 

on  the  hills  near  Black  Branch,  where  it  is  too  thin  to  export,  though 

it  is  of  some  local  importance. 

The  lowest  coal  of  importance  in  this  n»gion  occurs  within  the 
Sharon  conglomerate  itself.  The  dual  character  of  this  sandstone 
member  is  shown  on  Everman  Creek  near  its  junction  with  Wolfpen 
Sranch,  where  a  black  shale  is  present  15  to  20  feet  below  its  top. 
In  places  this  shale  is  coal  bearing,  and  the  thin  coal  found  in  this 
position  at  the  farm  of  John  Duley  farther  up  \VoIfj)en  Branch  is 
regarded  by  David  White  as  the  stratigra])hic  e(|uivalent  of  the  Ja(;k- 
sgon  Shaft  coal  of  Ohio  and  the  Sharon  of  Pennsylvania.  This  coal 
lias  also  been  worked  on  Barrett  Creek  ahnost  at  water  level.  ()i)po- 
site  the  residence  of  L.  D.  O'Roarke  (>  inches  of  coal  shows.  The 
cxml  has  been  opened  farther  up  the  creek,  where  the  county  pike 
turns  over  the  hill  to  Everman  Creek.  On  Canes  Creek  the  Sharon  is 
"very  massive,  and  this  coal  again  appears  but  is  only  (>  inches  thick. 
lake  the  other  coals  below  No.  L  this  is  too  thin  to  be  commercially 
Valuable. 

DX8TBZ0T  TBIBITTAaT  TO  SOUTHERN  TERMINUS  OF  EASTERN  KENTUCKT 

RAILWAY. 

EXTENT. 

The  district,  including  approximately  the  southwestern  quarter  of 
the  quadrangle,  contains  in  its  northern  part  the  southern  8  miles  of 
the  Eastern  Kentucky  Bailway,  passing  through  Willard  and  ending 
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at  Webbville.  Nearly  all  the  lumber,  staves,  and  country  merchandise 
shipped  out  of  this  region  go  via  this  railroad,  hence  the  reason  for 
applying  the  above  title  to  it.  It  includes  all  of  Elliott  County  within 
the  Kenova  quadrangle,  the  extreme  western  part  of  Lawrence  County, 
and  a  very  small  portion  of  southern  Carter  County. 

GEOLOGY. 
STRATIGRAPHY. 

The  Conemaugh,  Allegheny,  and  Pottsville  formations  are  rep *- 

resented  in  this  district.     In  the  northern  part,  east  of  Willard,  inr^^^ 
the  deepest  part  of  the  basin,  the  surface  is  entirely  made  up  ofcr  ^f 
Conemaugh  rocks.     Immediately  west  of  Willard  and  in  a  few  iso-  '^td- 
lated  areas  on  the  hilltops  west  of  Dry  Fork,  Conemaugh  rocks  out-  -zMi- 
crop.     A  good  idea  of  the  character  of  this  group  of  rocks  may  be  hac::^  -id 
by  climbing  the  hill  east  of  the  mouth  of  Thompson  Fork  or  ascendin^^  ^«g 
Lost  Branch,  Belle  Trace  Creek,  Beetree  Fork,  or  Straight  Creek  eas-^^st 
of  Denton.     Between  800  and  400  feet  t)f  the  Conemaugh  is  showii-zaKn, 
consisting  of  sandstones,  shales,  limestones,  iron  ore,  and  coal  streaks  ~s. 
The  coal  in  this  formation  is  too  thin  and  pockety  to  be  of  any  iiia:    _i- 
portance  except  locally.     There  are  at  least  three  or  four  thin  be^^3s 
of  limestone,  the  most  persistent  being  a  siliceous  bed  4  to  5  feet  thic       J^ 
lyin^j:  near  the  ])ase  of  the  Conemaugh,  about  180  feet  above  the  Coa    ^- 
ton  coal  as  measured  at  Willard.     This  limestone  and  possibly  tl^»e 
hif2:her  beds  mi<rht  be  used  locally  as  a  source  of  fertilizer.     The  Iow^et 
limestone  probably  corresponds  to  one  of  the  Cambridge  limeston<?»>' 
of  the  Ohio  geologic  section.     There  are  some  rather  massive  sand- 
stones scattered  through  the  group  of  rocks,  notably  in  its  lower  100 
feet.     Some  of  the  sandstone  appears  to  be  good  enough  for  building 
purj)()ses. 

The  Allegheny  formation  is  in  this  district,  as  usual,  the  most  im- 
portant from  an  economic  standpoint.  A  section  measured  west  of 
Willard  gives  a  fair  idea  of  the  sequence  of  the  coal  beds  in  it.  It 
must  not  be  understood  that  all  the  coals  observed  in  this  section  will 
appear  in  the  Allegheny,  in  other  parts  of  this  district,  for  the  forma- 
tion is  somewhat  variable.  As  an  instance  of  this,  on  the  west  side  of 
the  hill  where  the  following  section  was  measured  the  formation  had 
thinned  somewhat,  and,  though  the  exposures  were  fairly  good,  fewer 
coals  were  found  in  it. 

Section  in  hill  west  of  Willard,  Carter  County.^ 
Top  of  hin.  Feet. 

Saiulstono.  massive,  niid  samUtone  debris 45 

Limestone,   massive,  drnb.   fossiliferous    (Cambridge   lime- 
stone)   • 4-6 

Partly  concealed  with  sandy  debris  and  sandy  shales 60 


«  This  sectipp  represents  \be  fi\'eran&ii  ot  t.v;o  distinct  barometric  determinations. 
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Feet. 

Sandstone,  massive,  white  to  light  browu._ 25 

Coal  bloom  No.  0  (top  of  Allegheny). 

Fireclay 2-3 

Shale,  sandy,  and  shnly  sandstone. 20 

Coal  bloom  No.  8. 

(\>m!ealed  and  sandy 1.. 15 

Limestone,  yellow _. IJ-h 

Slwle,  drab 15 

Coal  (workable)  No.  7. 

Sandstone,  laminated 2() 

Ore,  limestone. 

Concealed 10 

Coal  bloom  No.  6. 

Shale  (Are  clay  at  top) 15 

Coal,  two  small  blooms  6  inches  apart. 

Shale  and  fire  clay 20 

Coal  bloom  No.  5. 

Sandstone,    laminateil _     10 

Sandstone,  massive   (Homewood) 30 

Coal  bloom  (coal  has  been  worked). 
Fire  clay. 

Sandstone  and  shale .    15 

Coal  bloom  (coal  has  been  worked). 

Sandstone 10± 

Base  of  hill. 

The  Allegheny  formation  ranges  in  this  district  froui  about  120 
et  to  possibly  200  feet  in  thickness.  In  places  it  may  even  be  thin- 
T  than  120  feet.  It  includes  at  least  three  valuable  coal  beds  work- 
>le  at  different  points,  at  least  one  valuable  fire  clay,  and  iron-ore 
iposits,  but  the  bulk  of  it,  as  usual,  is  composed  of  sandstone  and 
ale.  It  forms  the  surface  in  a  more  or  less  irregularly  curved  strip, 
hich  follows  the  direction  of  the  contour  lines  from  Straight  Creek 

the  southwest  and  then  trends  southeastward  to  the  limits  of  this 
strict.  Many  of  the  hilltops  west  and  south  of  the  main  Allegheny 
It  are  formed  by  this  group  of  rocks.  Roughly,  it  covers  about  one- 
ird  of  the  surface  in  this  district. 

The  lowest  formation  present  in  this  district  is  the  Pottsville.  In 
aces  it  is  between  500  and  600  feet  thick,  and  it  is  prevailingly 
ndy  throughout,  though  containing  some  shale  l)eds.  Its  two  most 
"ominent  members  are  the  Homewood  sandstone  near  tlie  top  and 
e  Sharon  conglomerate  near  the  base,  each  of  which  attains  in  many 
aces  a  thickness  of  100  feet  of  very  massive  rock.  The  Homewood 
ember  is  broadly  distributed ;  the  line  oi  outcrop  of  its  top,  if  repre- 
nted  on  the  map,  would  coincide  very  closely  with  the  red  line  which 
dicates  the  outcrop  of  the  fire  clay  associated  with  the  Vanport 
'  Hanging  Rock  ")  limestone.    The  Sharon  conglomerate  appears 

the  valley  of  Little  Sandy  River,  along  Brushy,  Hood,  and  Upper 

47008—08 7 
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and  Lower  Laurel  creeks*  and  on  Field  Branch.  Koiighly>  this 
mation  covers  perhaps  about  one-half  of  the  Mirface  in  thi?^  dift 
The  Pottsville  formation  is  of  importance  economically,  containing 
coal  beds  locally  workable  and  at  some  points^  cannel  coals.  It  aim 
contains  iron  or^.fire  clay,  and  sandstone  of  vakie-  Thgie^bed^jire 
described  in  detail  undor  the  appropriate  headings. 


The  structure  of  this  district  is  more  iny<dved  than  tiiat  of  any  of 
the  districts  previously  described.  The  qrnclinal  trougjh  which  trav- 
erses the  quadrangle  from  northeast  to  southwest  begkis  to  die  out  in 
the  vicinity  of  Willard  and  WeU>ville.  Between  these  two  towi^  the 
basin  rises  sharply  toward  the  west  About  Webbville  and  to  the 
south  the  beds  are  generally  indjned  to  the  ncnrth  and  northeast;  about 
Willard  and  to  the  north  the  pitdi  to  the  southeast  is  very  diarp. 
Near  Daniels  Greek  the  Homewood  sandstone  thidkens  abruptly 
toward  the  west,  giving  rise  to  a  slight  dome  in  the  rocks  lying  <m  the 
top  of  this  sandstone  and  to  a  slight  depression  c^  basin  a^  it  beoimies 
thinner  again  toward  CSherokee  Creek.  West  of  Checck&e  Credc  the 
structure  is  not  marked,  though  there  is  a  gradual  westward  rise  of 
the  beds.  About  the  town  of  Blaine  the  beda  dip  more  diarj^y  tihan 
at  any  point  in  the  area,  and  at  the  bridge  over  Hood  Creek  apparent 
dips  range  from  11°  to  24°  in  a  nearly  due  north  direction.  Mr.  Ash- 
ley discovered  two  minor  faults  in  the  hills  east  of  Blaine,  but  they 
are  of  small  magnitude,  and  a  short  distance  away  the  beds  can  be 
traced  continuously. 

THE    COALS. 
CONEMAUGH  COALH. 

The  blooms  of  a  few  coal  beds  show  wherever  any  considerable  sec- 
tion of  the  Conemaugh  formation  is  exposed.  A  small  coal  bed  oc- 
curring within  10  feet  of  the  bottom  of  the  Cambridge  limestone 
appears  to  be  fairly  persistent  and  has  been  dug  for  local  use  near  the 
head  of  Belle  Trace  Creek,  Jordan  Fork,  and  Straight  Creek.  This 
coal  is  not  commercially  valuable. 

ALLEGHENY  COALS. 

UPPER  COALS. 

The  two  upper  coals  of  the  Allegheny  formation  outcrop  at  many 
points  in  this  district,  but  apparently  are  too  small  for  exploitation. 
In  the  section  in  the  hill  west  of  Willard  (pp.  96-97)  these  two  coals 
appear,  the  No.  8  or  Hatcher  coal  about  82  feet  above  the  Coalton, 
which  has  been  dug  into  along  the  roadside,  and  the  Zelda  or  No.  9 
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coal  about  25  feet  higher  up.  The  intervals  in  this  vicinity  are  ap- 
parently much  less  than  those  prevailing  along  Ohio  River.  At  the 
head  of  Thompson  Fork  and  the  tributary  flowing  into  it  from  the 
north  the  Zelda  coal  is  thick  enough  to  be  worked  for  local  use,  and 
the  following  section  was  measured  near  the  head  of  the  main  fork. 
(See  also  section  1,  fig.  14.) 

Section  of  coal  \o.  .9,  near  head  of  Thompson  Fork. 

Sandstone.  inches. 

Bone S 

Coal 20 

Fire  clay. 

COALTON  COAL  (NO.  7). 

Geologic  position. — In  the  northern  part  of  the  district  the  Coalton 
coal  is  of  considerable  economic  importance.  Its  occurrence  here  is 
merely  the  southwestern  continuation  of  this  coal  in  the  Chesapeake 
and  Ohio  Railway  district.  About  Willard  it  is  found  at  65  to  90 
feet  above  the  top  of  the  Pottsville.  Tlie  former  measurement  was 
obtained  in  the  hill  west  of  the  town;  the  latter  is  the  more  usual 
interval.  The  coal  bed  occurs  50  feet  above  the  fire  clay  at  the  Van- 
port  limestone  horizon  at  the  north  end  of  the  town,  about  30  feet 
above  the  Winslow  coal,  and  180  feet  below  the  Cambridge  limestone. 
Owing  to  the  persistence  and  broad  distribution  of  the  Cambridge 
limestone  it  will  serve  as  an  excellent  base  from  which  may  be  calcu- 
lated the  depth  below  the  surface  of  the  Coalton  coal  well  up  on  the 
headwaters  of  the  numerous  smaller  creeks  flowing  into  Little  Fork. 
It  is  quite  possible  that  deviations  from  the  interval  measured  at 
Willard  will  be  found. 

Extent  and  development. — About  Willard  and  north  of  Webbville 
the  Coalton  coal  has  been  opened  and  worked  at  many  places.  In 
this  vicinity  it  outcrops  well  down  in  the  hills  so  that  tipples  may  be 
conveniently  run  out  to  the  main  line  of  the  Eastern  Kentucky  Rail- 
way or  to  short  spur  tracks.  It  outcrops  in  the  hills  between  Straight 
Creek,  Belle  Trace  Creek,  and  Lost  Branch,  disappearing  below 
drainage  level  on  Lost  Branch  near  the  mouth  of  Crooks  Creek.  A 
large  body  of  valuable  coal  still  remains  untouched  in  these  hills, 
and  east  of  the  points  where  it  goes  below  drainage  level  no  shafts 
have  ever  been  sunk  to  reach  it.  Numerous  country  banks  show  this 
coal  to  be  of  fair  thickness  to  points  about  a  mile  above  the  mouth 
of  Belle  Trace  Creek  and  about  a  mile  above  the  mouth  of  Lick 
Branch,  west  of  Willard.  South  of  Webbville  the  coal  is  present  in 
the  hills  along  Caney,  Dry,  and  P]<iual  forks,  rising  to  the  south. 
It  has  never  been  opened  in  this  region.  West  of  Dry  P'ork  and 
Cherokee  Creek  the  rise  is  so  great  that  the  coal  is  found  only 
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near  the  tops  of  the  hills,  and  consequently  in  small  bodies. 
found  in  the  ridge  between  Equal  Fork  and  Blaine  Trace  B 
and  to  the  west  in  the  ridge  between  Little  Fork  and  Blaine 
Branch,  where  3 J  feet  of  cannel  coal  is  reported;  it  is  presen 
in  the  hills  north  of  Hurricane  Creek.     West  and  northwest  oi 
hird  the  beds  rise  so  steeply  that  the  Coalton  coal  is  present 
here  and  tliere  in  the  tops  of  the  highest  hills,  as,  for  instance, 
head  of  Field  Branch  and  Johns  Branch. 

The  center  of  development  of  this  bed  lies  about  Willan 
Webbville  and  at  or  near  the  mouth  of  Lost  Branch,  Lick  Bi 
and  Belle  Trace  Creek.  The  only  large  commercial  operatic 
this  bed  is  that  of  the  Eastern  Kentucky  Railway  on  Lost  < 


I 


4 


12 


13 


Vui.  14. —  Sections  of  Zolda  and  Coalton  coals.     Zelda  :   1,  lload  of  Thompson  Fork 
ton  :   U.   Kast   Kcutmky   Hallway   mine.   Partloo   (Mayapplo  post-office),   Lost   Bra 
JariK's   rr.   Willlnnis.   Lost    IJranch  :    L  A.   L.   Fauson.   lA)st  Branch;  5.  southern 
Willanl:  (I.  cast  of   Willard  ;   7.  cast   of  Wlllard    (Ashley)  :  8,  0,   raouth  of  Bell, 
("reck:    lo.   on    Little   Fork,    north   of   ir.outh   of   Lick   Branch:    IL   near   mouth 
lirnuch.  \v»st  of  Wlllard.  on  small   tributary  from  the  north;  12.  Lick  Branch, 
Willard;   L'i.  head  of  Davies   Branch   (Ashley).     Scale,   1    inch  =  o  feet. 

This  coinpnny  formerly  mined  this  bed  on  an  extensive  scale 
of  Willanl,  hut  at  present  all  the  old  mines  are  shut  down. 
the  economic  map  an  idea  of  the  extent  of  this  coal  above  dra 
may  be  readily  ()l)tained. 

Chantcter, — The  thickness  of  this  coal  may  be  seen  from  th 
tions  in  K<r.  14.  It  will  be  noted  that  the  coal  shows  great  unifo 
ill  its  division  into  benches  and  also  in  the  thickness  of 
benches,  and.  thoiiirh  not  indicated  in  the  figures,  the  charact 
the  coal  in  the  ditferent  l)enches  is  also  unifonn.  On  I^>st  Branc 
at  the  head  of  Davies  Branch  where  measiirements  were  made 
benches  are  developed  (sections  2,  8,  and  13,  fig.  14.)  The  top 
is  from  \  to  7^  inches  thick  and  is  not  worked.  In  the  immedia 
cinity  of  Willard  only  two  benches  were  noticed  (sections  5,  6 
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7,  fig.  14).  The  upper  bench  is  about  2  feet  thick,  grading  into  bony 
coal  at  the  top ;  the  lower  bench  is  usually  a  little  more  than  a  foot 
thick  and  is  separated  from  the  top  bench  by  an  inch  or  two  of  clay 
or  shale.  Near  the  mouth  of  Belle  Trace  Creek  the  upper  bench 
seems  to  thin  considerably  and  to  range  where  measured  from  15  to 
20  inches  in  thickness  (sections  8  and  9,  fig.  14),  and  the  lower  bench, 
which  is  about  16  or  17  inches  thick,  is  comparable  in  thickness  with 
this  l)ench  near  Willard.  On  Lick  Branch,  west  of  Belle  Trace 
Creek,  the  sections  obtained  are  about  the  same  as  those  seen  on  the 
latter  stream.  The  total  thickness  of  these  two  worked  benches 
rarely  reaches  45  inches  and  averages  most  commonly  about  3^  feet. 
From  40  to  45  inches  of  workable  coal  in  the  upper  two  benches  may 
therefore  be  considered  a  maximum  for  this  bed.  From  these  thick- 
nesses it  thins  out  to  nothing  at  some  places  where  rolls  in  the  roof 
and  horsebacks  occur. 

The  roof  is  as  a  rule  fairly  massive  shale  of  variable  thickness, 
usually  capped  by  a  very  massive  sandstone.  The  immediate  roof 
is  generally  bony  coal.  The  foreman  of  the  Eastern  Kentucky 
Railway  mine  at  Partloe  i-eports  that  the  roof  gives  little  or  no 
trouble.  Falls  are  rare,  but  posts  are  used.  The  floor  is  clay,  but 
so  far  as  known  it  is  not  mined  for  economic  purposes. 

The  coal  is  bituminous.  The  upper  bench  is  soft  and  full  of 
charcoal  partings;  the  lower  bench  is  hard  and  splinty.  Both  are 
worked  and  shipped,  the  bone  and  clay  partings  being  picked  out 
by  hand.     Mining  is  fairly  difficult. 

The  composition  of  this  coal  is  illustrated  by  the  analyses  given 
on  page  71.  These  figures  are  for  the  most  part  those  of  coals  col- 
lected in  the  region  about  Rush,  but  analyses  11  and  12  represent 
samples  collected  from  Lost  Creek  and  west  of  Dry  Fork  near  Wil- 
lard and  may  be  taken  as  typical  of  the  coal  in  this  vicinity.  The 
application  of  this  coal  to  iron  making  has  been  treated  at  some 
length  in  the  discussion  of  its  chemical  character  in  the  Chesapeake 
and  Ohio  Railway  district  (pp.  70-73)  and  will  not  be  considered 
further  here.  It  is  not  a  coking  coal,  the  output  of  the  Eastern 
Kentucky  Railway  mine  at  Partloe  being  used  exchisively  along  the 
railway  for  steaming  and  domestic  purposes,  for  which  it  is  admirably 
adapted. 

WIN8L0W    COAL    (NO.    6). 

Extent  and  development. — The  next  lower  coal  corresponds  with 
coal  No.  6  of  the  Kentucky  series  and  has  been  described  in  the  sec- 
tion on  the  Chesapeake  and  Ohio  Railway  district  under  the  name 
Winslow  coal,  owing  to  its  fairly  extensive  exploitation  at  Winslow. 
Here,  as  in  the  district  just  referred  to,  it  occupies  a  position  between 
the  Coaltoa  coal  above  and  the  Vanport  ("  Hanging  Rock  ")  lime- 
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i^nt^  t>elQW,  III  tlii'  (liHtriet  north  oi  Diiniels  Creek*  I^i 
Coiiuty*  iind  on  the  ridges  east  and  west  of  Blaine  Trace  Branch 
and  at  the  head  of  I  son  Creek,  Elliott  County,  it  is  usually  from 
45  to  (¥)  feet  ahove  the  Vanport  limestone,  and  as  thi:^  limi^stonc 
is  very  near  the  top  of  the  Pottsville  or  Homewood  sandstone,  the 
same  interval  may  stTve  also  when  the  coal  is  referred  to  the  latter 
horizon.  About  Willard,  near  the  fire-clay  mines  in  the  northern 
part  of  the  town,  the  i^niiit  of  thi^  bed  wan  noted  about  20  feet  above 
the  fire  clay  associated  with  the  Vanport  limestone  and  about  ^0 
feet  below  the  Coalton  coaL  West  of  the  town  it  is  alajut  the  same 
distance  Iwlow  this  coal  and  above  the  Vanport  limestone.  It> 
identification  in  and  about  AVilkrd  is  easy,  as  the  red  limestone  ore 
overlying  the  Vanjjort  limestone  has  l>een  extensively  workeil  nt 
this  place  in  the  past.     The  coal  is  broadly  distributed. 

Though  it  outcrops  in  all  the  hills  about  Willard,  it  has  never  ht^n 
worked  and  notliing  can  be.  stated  definitely  aa  to  its  character.  It  i^ 
probably  too  thin  to  be  of  any  ^reat  value*  Its  blcxim  was  noted  in 
the  hills  skirting  Dry  Fork,  F^qual  Fork,  and  Blaine  Trace  Branch. 
At  the  head  of  Equal  Fork  and  Perkins  Branch  it  is  of  workable 
thickness,  and  at  a  few  count  17  banks  the  coal  is  being  opened.  In 
this  locality  it  will  repay  careful  prospecting,  for  the  underlying  coal 
alsio  is  a  most  valuable  l)ed,  and  should  the  Eastern  Kentucky  Railway 
\w  extended  southward  from  Wclibvlllr  to  lilaine  it  would  pass  near" 
enough  to  the  heads  of  Perkins  Branch  and  Equal  Fork  to  make  the 
coal  in  this  locality  of  probable  commercial  importance.  South  of^ 
this  point  very  little  is  known  about  it,  but  it  should  be  found  in 
the  hills  northeast  of  Canes  Creek  and  in  the  ridges  bordering  Irish 
and  Cherokee  creeks.  In  the  hills  north  of  Daniels  Creek  and  west  of^ 
San  Branch  it  has  been  opened  and  worked  in  a  small  way.  On 
Brush  Creek,  south  of  the  Elliott-Lawrence  county  line,  this  coal  has- 
been  opened  by  J.  Porter  and  is  sufficiently  thick  to  be  worked  in  a 
local  way.  In  the  hills  north  of  Mount  Savage  it  seems  also  to  be 
fairly  persistent.  At  the  head  of  Ison  Creek,  w-est  and  northwest  of 
Stephens,  Elliott  County,  a  cannel  coal  is  found  about  50  to  60  feet 
above  the  top  of  the  Pottsville  and  is  referred  to  this  horizon.  It 
has  been  opened  by  L.  A.  Clark,  W.  B.  Boggess,  Isom  Ison,  and  others 
in  this  region.  This  is  the  only  known  occurrence  of  cannel  coal  at 
this  horizon.  Northwest  of  Willard,  near  the  hilltops  at  the  heads  of 
Johns  Branch  and  Field  Branch,  this  coal  is  present,  but  the  area 
which  it  covers  is  small,  owing  to  the  steep  rise  of  the  beds  to  the 
west. 

Character. — ^The  sections  of  this  coal  obtained  are  so  few  in  num- 
ber that  no  reliable  generalizations  can  be  made  regarding  its  physical 
character.  Neither  can  it  be  stated  that  their  paucity  is  an  index  of 
the  tliinness  or  poorness  of  the  coal,  for  about  the  head  of  Equal  Fork 
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and  Perkins  Branch  and  in  the  hills  west  of  Dry  Fork  a  considerable 
body  of  this  coal  exists  in  workable  thickness.  The  area  underlain 
by  it  is  fairly  comparable  with  that  underlain  by  the  Vanport  lime- 
stone, which  is  indicated  by  the  red  line  on  the  economic  map  (PL  I), 
but  as  the  coal  lies  somewhat  higher  in  the  hills  its  area  will  be 
slightly  smaller  than  that  of  the  limestone.  As  judged  by  sections 
1  and  4,  fig.  15,  this  coal  is  fairly  comparable  in  this  immediate 
locality  with  the  sarnie  bed  in  the  Chesapeake  and  Ohio  Railway  dis- 
trict. It  carries  three  benches,  separated  by  thin  partings  of  bone 
or  fire  clay.  The  two  top  benches  are  soft  bituminous  coal ;  the  low- 
est bench  is  hard  splint.  In  this  immediate  territory  the  roof  is  shale 
and  the  floor  clay.  Little  Ls  known  about  the  coal  to  the  west,  except 
along  the  edges  of  the  quadrangle  west  and  northwest  of  Stephens 
and  north  of  Fielden.  In  this  region  the  coal  is  largely  cannel.  Sec- 
tions obtained  here  also  show  three  benches  (section  3,  fig.  15).  This 
coal  has  been  opened  in  the  hill  south  of  Brush  Fork  by  L.  A.  Clark 


|4''Cannel  ^^ 
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Fio.  15. — Sections  of  Winslow  coal  (Kentucky  No.  6).  1,  W.  M.  Clark  and  A.  C. 
Campbell,  head  of  Perkins  Branch;  2,  3,  head  of  Ison  Creek  (Ashley)  ;  4,  Dry  Fork; 
5,  ridge  between  Equal  Fork  and  Blaine  Trace  Branch.     Scale,  1   Inch  «.  5  feet. 

and  W.  B.  Boggess,  and  at  Mr.  Clark's  bank  it  was  reported  4  feet 
thick.  Nothing  is  known  of  its  character  outside  of  the  inconsider- 
able area  bounded  by  Little  Fork,  Brush  Fork,  and  Critches  Creek, 
and  in  this  district  the  acreage  of  cannel  coal  is  not  large,  owing  to  its 
position  very  near  the  hilltops.  It  is,  however,  a  valuable  cannel 
coal,  which  will  be  worked  in  the  future  when  cheaper  transportation 
facilities  are  obtainable. 

CAT   CREEK    COAL    (NO.    5). 

Extent  and  development. — The  next  lower  coal  is  the  most  im- 
portant coal  in  this  district.  It  reaches  its  greatest  thickness  along 
Dry  and  Caney  forks  and  Cherokee  Creek  and  in  the  hilltops  north- 
west of  Willard,  at  the  head  of  Johns  Branch.  It  is  the  lowest  coal 
in  the  Allegheny  formation  in  this  area  and  closely  underlies  the 
Vanport  limestone.  If  it  were  correlated  with  one  of  the  Pennsyl- 
vania or  Ohio  coals  it  would  probably  correspond  to  either  the  Brook- 
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ville  or  ihe  Cbrion:  certainly  not  with  any  of  tlie  KittaDning 
far  ibcm^  are  all  above  the  V'nJiport  liim^one.  In  this 
liUlii  cliSicuUy  will  be  esperienoeci  in  identifying  this  coal  bed. 
Its  position  20  feet  or  mj  below  the  Vanport  limestone  anil  on  i>r  near 
the  lop  of  th*'  Hoiiiewood  saod^oui^,  which  along  Cherokee^  Dry*  and 
V4tmy  creefc*  in  very  maitsi^e,  ^lould  serve  at  one©  to  locate  it,  Tim 
(^jol  \nH\  withiHJt  doubt  cirnnspontbi  to  roal  No.  5  of  the  Kentticky 
<j4'iilngi<!al  Surv(*y.  Its  oecupence  in  thb  dij^trict  may  with  a  fair 
degree  of  ci*rtainty  be  regarded  a^  the  western  eontinualioii  of  tlie 
I'iml  ocrurring  on  Cat  Creek,  and  m»  thb  name  is  iLsed  in  this  district. 
It  han  fie^n  carefully  prospected  in  the  bilk  lying  about  the  head 
of  CherokiX'  Creek,  Dry  Fork,  and  Equal  Fork,  and  along  Caney 
Fork  well  toward  it>i  mouth.  It  is  present  in  the  bills  liordering 
Dry  Fork  iind  di|>s  nit  her  steeply  to  the  north,  disappearing  below 
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Fio.  10. — SoctlonB  of  Cat  Creek  coal  (Kentucky  No.  5).  1,  J.  C.  Webb,  Caney  Fork; 
2,  JumcH  Bryant,  Caney  Fork ;  3,  Ilenry  Campbell,  Caney  Fork ;  4,  J.  A.  Young,  bead 
of  Cherokee  Creek ;  5,  James  Wheeler,  ridge  east  of  Backbone ;  6,  7,  James  Adams,  head 
uf  Johns  Branch ;  8,  J.  C.  Johnson,  near  head  of  Equal  Fork.     Scale,  1  inch  -»  5  feet 

drainage  level  before  Webb  ville  is  reached.     The  same  dip  in  the 
l)eds  also  causes  its  disappearance  below   drainage  level  before  it 
reaches  the  mouth  of  Caney  Fork.     It  is  present  in  the  ridge  between 
Blaine  Trace  Branch  and  Equal  Fork,  and  where  seen  near  Back- 
l)one  it  is  a  thick  coal  bed  of  excellent  quality.     Its  position  is  indi- 
cated by  a  bloom  at  many  places  in  the  ridge  lying  still  farther  to- 
the    west    between    Little    Fork    and    Blaine   Trace    Branch.     Ther^ 
southernmost   i)()int  where  its  bloom  was  seen   is  in  the  hills  just^ 
northeast  of  Blaine,  but  nothing  is  known  of  its  character  here.     A^ 
large  territory  is  underlain  by  this  valuable  coal  in  the  region  about^ 
Caney  Fork,  in  the  hills  along  Dry  Fork  and  Cherokee  Creek,  in. 
the  hills  between  Equal  Fork,  Blaine  Trace  Branch,  and  Little  Fork-, 
and  possibly  south  of  Perkins  Branch.     Northwest  of  Willard  this 
coal  bed  also  appears  in  the  hills  and  has  been  opened  at  a  few  places 
at  the  head  of  Johns  Branch.    At  the  banks  of  James  Adams  (see- 
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tions  6  and  7,  fig.  16)  and  John  W.  Barber  the  coal  is  comparable 
in  thickness  with  the  coal  seen  at  the  head  of  Cherokee  Creek. 

Xo  attempt  has  been  made  to  develop  this  coal  on  a  commercial 
scale,  though  the  construction  of  a  spur  track  up  Dry  Fork  is  ap- 
parently a  simple  matter  and  such  a  spur  would  tap  a  large  body 
of  coal. 

Character. — Measured  sections  of  this  coal  are  given  in  fig.  10. 
The  sections  given  for  this  coal  on  Caney  Fork  were  measured  in 
small  country  banks  and  very  near  the  outcrop  and  it  is  possible  that 
they  may  not  represent  the  true  thickness  of  the  coal.  As  seen  on 
Caney  Fork,  the  coal  will  probably  average  between  3  and  4  feet  in 
thickness.     As  a  rule  the  roof  of  the  coal  here  is  shale. 

At  the  heads  of  Dry  Fork  and  Cherokee  Creek  and  to  the  west  at 
the  heads  of  Perkins  Branch  and  Equal  Fork  the  coal  attains  its 
greatest  development  in  this  district.  At  the  J.  A.  Young  mine,  on  a 
small  creek  entering  the  head  of  Cherokee  Creek  from  the  east,  more 
than  4  feet  of  excellent  clean  coal  was  measured  (section  4,  fig.  10). 
From  this  mine  a  large  block  of  coal  representing  the  entire  thick- 
ness of  the  main  workable  bench  was  taken  to  the  Louisiana  Purchase 
Exposition  at  St.  Louis.  At  some  points  in  the  mine  a  lower  bench, 
less  than  1  foot  in  thickness,  is  reported,  but  this  is  not  everywhere 
present.  As  a  rule  the  roof  is  shale  and  the  floor  is  bone  passing  into 
clay.  In  the  ridge  between  Equal  Fork  and  Blaine  Trace  Branch,  a 
short  distance  east  of  Backbone,  Mr.  Ashley'  measured  38  inches  at 
a  bank  owned  by  James  Wheeler.  It  was  reported  that  the  usual 
thickness  is  3J  feet.  Mr.  Ashley  also  measured  30  inches  of  coal  in 
the  ridge  west  of  Equal  Fork  at  the  bank  of  J.  C.  Johnson,  but  3  feet 
were  reported  to  him. 

The  Cat  Creek  is  a  bright,  lustrous  bituminous  coal,  containing 
streaks  of  harder  coal  with  probably  some  splinty  layers.  Without 
much  doubt  it  will  serve  well  for  steaming  and  domestic  purposes,  but 
its  efficiency  as  a  coking  coal  has  not  yet  been  determined.  It  was 
used  to  supply  the  engine  running  the  drill  which  bored  a  hole  2,000 
feet  deep  near  J.  A.  Young's  residence  at  the  head  of  Cherokee  Creek, 
and  it  gave  splendid  satisfaction  as  a  steam  generator.  From  the 
fact  that  it  separates  into  rectangular  blocks  of  fair  size  and  may  be 
removed  from  its  position  in  blocks  the  thickness  of  the  entire  main 
bench,  it  may  appropriately  be  classe<l  among  the  block  coals.  The 
following  analysis  was  made  by  the  Kentucky  State  chemist : 

AnalyHs  of  coal  'So.  5  from  J.  A.  Young* tt  bank  at  head  of  Cherokee  Creek, 

Moisture _    7.04 

Volatile  matter. 36.88 

Fixed  carbon 53.72 

Ash 2.36 
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The  analysis  shows  this  coal  to  be  of  very  high  grade.  The  mois- 
ture is  rather  high,  but  ash  is  low.  No  sulphur  is  given,  but  this  con- 
stituent was  probably  not  determined,  as  it  is  quite  certain  that  some 
sulphur  is  present. 

Economic  aspects, — The  marketing  of  this  coal  is  an  important  con- 
sideration. The  Eastern  Kentucky  Railway  has  extended  its  line  as 
far  south  as  Webbville,  but  under  present  conditions  this  does  not 
materially  help  the  exploitation  of  coal  at  the  head  of  Dry  Fork  and 
Cherokee  Creek.  To  get  this  coal  to  market  it  will  be  necessary  to 
extend  the  railroad  as  far  as  the  head  of  Dry  Fork  at  least.  This  can 
be  easily  and  cheaply  accomplished,  owing  to  the  eiisy  grade  and 
absence  of  sharp  curves  on  Dry  Fork.  Should  the  road  be  continued 
to  Cherokee  Creek,  the  divide  would  probably  be  tunneled.  It  may 
not  be  expedient  to  do  this,  for  the  bulk  of  the  coal  could  be  readily 
tapped  by  spur  tracks  from  the  main  line  up  Dry  Fork.  It  is  gen- 
erally understood  that  the  Eastern  Kentucky  Railway  proposes  to 
extend  its  tracks  as  far  south  as  the  town  of  Blaine. 

POTTSYILLE  COALS. 

IJPPKR    STINSON    COAL     (NO.    4). 

Geologic  position. — In  this  district  the  Upper  Stinson  coal,  though 
widely  distrihiitod,  can   not   bo  rlassod   among  the  important   lx*ds 
except  locally.     It  has  been  stated  that  it  is  the  highest  coal  in  thfe 
Pottsville  formation  and  that  it  occurs  directly  below  the  massiv^z 
sandstone  member   ( Homewood  sandstone)   forming  the  top  of  thi_ 
formation.     Its  position  l)el()w  the  top  of  the  Ilomewood  sandston:^ 
and  hence  below  the  Vanport  (''  Hanging  Rock")  limestone  is  var 
al)Ie,  depending  on   the  thickness  of  the  Homewood,  which   is  al^r= 
variable. 

About  Willard  the  Ilomewood  sandstone  is  massive,  though  n  - 
more  than  80  to  40  fec^  thick.  In  the  hills  bordering  Dry  Fork  aij:^« 
Cherokee  Creek  it  seems  to  be  less  than  50  feet  thick,  but  to  the  wtr — :. 
it  is  thicken  at  many  j^hices  from  80  to  110  feet.     At  the  heads         < 

Justice,  Leadenham,  Hilton,  and  Wells  branches  and  farther  sou t 

in  the  region  about  Backbone  and  north  of  Stephens  it  is  110  feet  o 
even  thicker.  South  of  Backbone  and  Stephens  it  becomes  thim^»^^J 
again.  At  the  head  of  Wiley,  Collier,  and  Knob  branches  this  meiH'^J- 
her  is  unusually  massive.  Thus  the  Upper  Stinson  coal  occupies^^  ^ 
variable  j)()siti()n  with  reference  to  the  top  of  the  Homewood  sand- 
stone, occurring  usually  from  40  to  110  feet  below  it. 

Extent  and  (hrclopmcnt, — The  coal  is  broadly  distributed  in  ih^^ 
district.     In  its  northern  part  it  is  present  in  the  hills  at  the  hea^*^' 
of  Hut!'  Creek  and  Field  and  Johns  branches.    An  opening  belonging 
to  Silas  Walker  west  of  the  head  of  Field  Branch  showed  this  coal 
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to  be  of  workable  thickness.  The  section  measured  is  given  in  fig. 
17  (section  1).  On  most  of  the  waters  of  Blaine  Ci'eek  and  Little 
Fork  the  bloom  of  this  coal  bed  shows,  but  few  openings  on  it  were 
observed,  the  presumption  l)eing  that  as  a  rule  it  is  not  workable.  On 
Hilton  Branch  a  coal  regarded  as  the  equivalent  of  this  coal  appears 
to  be  chiefly  cannel.  About  a  mile  from  the  mouth  of  the  branch  on 
its  north  side,  about  200  feet  above  the  creek  bed,  there  are  two  open- 
ings. At  the  one  nearer  the  mouth  of  the  creek,  on  the  farm  of  Elijah 
Sturgill,  0  inches  of  coal  were  seen  with  more  below,  capped  by  6 
inches  of  shale  overlain  by  very  massive  sandstone.  Mr.  Sturgill,  jr., 
reports  the  usual  thickness  of  the  cannel  coal  to  be  about  8  feet  with 
less  than  a  foot  of  bituminous  coal  overlying  it.  Farther  up  the 
creek,  on  the  land  of  William  Corey,  a  section  of  the  same  bed  was 
measured,  and  is  represented  in  section  8,  fig.  17.     Mr.  Corey  reports 
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Pia.  17. — SectloDB  of  Pottsville  coals.  Upper  StioHon  coal  (Kentucky  No.  4i  :  1,  Silas 
Walker,  west  of  head  of  Field  Branch;  2,  northeast  of  Sarah  (Ashley)  ;  n.  William 
Corey,  Hilton  Branch.  Lower  coals :  4,  F.  K.  Ilolbrook.  KiRlit  Fork  of  Hlalne  Creek : 
5,  A.  T.  Boggs.  Right  Fork  of  Blaine  Creek  (reported)  :  (J.  W.  H.  Lyons,  Ulxht  Fork  of 
Blaine  Creek ;  7,  I^vi  Kitchen,  Dry  Fork :  K  head  of  Leadenham  Branch  ;  I).  J.  N. 
Sparks.  Halton  Branch,  west  of  Flelden  (Ashley)  ;  10.  11.  I'J,  Robert  (Jreen,  Ilalton 
Branch,  west  of  Flelden  < Ashley)  ;  111,  J.  M.  <vreen,  head  of  Little  Foik,  west  of 
Sarah.     Scale,   1   inch  »  Ti   feet. 

29  inches  of  cannel  as  a  maximum.     The  cannel  coal  was  not  seen 
north  or  south  of  Hilton  Branch. 

The  coal  in  this  district,  aside  from  the  cannel  phase  just  d(»scribe(l, 
is  of  the  usual  soft,  lu.strous  character,  in  many  places  containing 
bands  of  harder  splint. 

LOWER   COALS. 

The  next  lower  workable  coal  in  this  district  occurs  in  most  places 
160  feet  below  the  top  of  the  Homewood  sandstone.  It  will  Ix*  found 
in  this  position  along  Right  Fork  of  Blaine  Creek  and  on  the  .streams 
which  flow  into  it  from  the  north  and  on  the  headwaters  of  Little 
Fork.  Possibly  the  coal  opened  by  R.  T.  Berry  east  of  the  town  of 
Blaine  belongs  here  also.  It  is  a  question  whether  this  coal  can  l>e 
regarded  as  the  exact  equivalent  of  the  Lower  Stinson  or  Torchlight 
bed,  but  in  the  sense  of  its  being  the  second  workable  coal  in  the 
Pottsville,  counting  from  its  top,  it  may  be  called  for  convenience 
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No.  8.  A  section  ol>tjiiiiifci  ui  tbe  ridgi?  ^uth  of  Bockliotti^  Bmocb 
showed  five  sniRlI  cusil  bt^cb  lying  tjetwetMi  the  coal  under  ili^ruj^ioti  ■ 
And  t4im6w  probably  the  top  of  tbe  Pott:^vHlle  formation*  Tha^ 
|f  80  nituiy  csoak  between  the  so-called  Xo.  3  in  this  dish  4^ 
top  of  the  Pottos vi  lie  is  probably  not  very  widespread.  J 
\  quite  probable  that  there  is  more  than  one  coal  in  this 
intervat^^beee  intermediate  coals  may  be  locally  workable.  Tlie 
oonditioDS^ie  present  a  strong  argument  against  adhering  i^trictly 
to  a  system  of  trnmi^rals  in  correlating  ctml  Ijeds  over  broad  areas. 

This  coal,  as  has  been  said,  occurs  IGO  feet  below  the  top  of  the 
PottsviUe  formiitirn!  (hi  Jlli^ht  Fork  of  Blaine  Cnvk.     In  the  north- 
em  part  of  this  district  it  will  be  f oimd  at  a  less  distance  from  this 
horizon,  and  at  the  head  of  Field  Branch  the  intorval  can  not  exceed 
80  to  100  feet*     Here  this  coal  i^  not  of  workable  thickness,  but  n  is 
of  niOTe  than  ordinary  interest  from  the  fact  that  it  eonsists  largely 
of  canneL    A  section  measured  on  the  f aim  of  Silas  Walker  showed 
12  inches  of  canncl  iH)derlain  by  S  inches  of  ordinary  soft,  bituminous 
coaL     South  of  this  place  a  coal,  probably  the  equivalent  of  this  bed, 
has  been  opeued  at  the  head  of  Ijeadenham  Branch  by  Jackson  Wil- 
cox.    The  coal  here  has  a  shale  rw>f  and  lueastires  approximntely  2 
feet  (fig.  17,  set^tiou  8) ,     Near  Backbone  and  .Stephens  it  is  found  near 
the  bed  of  the  *  reek  and  has  been  worked  on  a  small  scale  for  local 
supply.     No  measurements  of  the  coal  were  obtained  in  this  vicinity. 
On  Dry  Fork,  about  2  miles  south  of  Webbville,  it  has  been  opened 
by  Levi  Kitchen  near  the  bed  of  the  creek,  and  the  section  shows 
about  2^  to  3  feet  of  coal  containing  small  partings  of  bone  in  its 
lower  half  (fig.  17,  section  7).     This  coal  is  highly  esteemed  in  the 
immediate  neighborhood  for  smithing  and  domestic  purposes.     South 
of  Cherokee  it  will  be  found  near  road  level  above  the  massive  sand- 
stone  outcropping   near   the   bridge   over   the   creek.     It   has   been 
opened  at  several  points  in  the  vicinity  of  Fielden  and  Sarah,  where 
it  is  called  the  "  mud  seam."    On  Canes  Creek,  Rockhouse  Branchy 
Knob  Branch,  Equal  Fork,  and  in  the  vicinity  of  Willard  sections 
obtained  from  this  coal  show  it  to  be  badly  broken,  and,  though  «^ 
important  source  of  supply  for  local  purposes,  it  is  a  question  whether 
a  coal  wdth  so  many  partings  can  become  of  commercial  importance   ^ 
the  near  future.     Except  where  the  coal  is  of  the  cannel  type,  as  cpb- 
served  near  the  head  of  Field  Branch,  in  Carter  County,  it  is  of  fcl® 
same  character  as  the  rest  of  the  coals  in  this  district — namely,  part:^J 
splint  and  partly  soft,  lustrous  bituminous  coal. 

The  Barrett  Creek  coal,  or  No.  1  of  the  Kentucky  series,  has  hc^^ 
opened  at  a  few  points  on  Deer  Creek,  northw^est  of  Willard,  »nrf 
near  Rosedale.    The  coal  on  Deer  Creek  shows  at  the  two  poiute 
where  measured  a  somewhat  better  section  than  it  does  on  Barrett 
Creek.     (Compare  fig.  18,  sections  1  and  2,  with  fig.  18,  sections  3, 
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4,  5,  and  6.)  -  Its  position,  about  60  feet  above  the  top  of  the  Sharon 
congl<Hnerate«  which  is  prominent  along  Little  Sandy  River  in  this 
region,  serves  to  identify  it.  At  Mi"s.  Rebecca  Tackett's  this  bed 
'>.  ^ows  3  feet  of  clean,  bright,  lustrous  c*oal  with  no  partings,  but  at 
*  the  bank  of  William  Herbelan,  well  up  on  the  east  forfe^of  Deer 
>r  Creek,  though  the  coal  is  still  about  3  feet  thick,  it  contains  a  band 
of  bony  coal  near  its  top  (section  1,  fig.  18).  The  coal  bpened  at 
the  mouth  of  Field  Branch  is  referred  to  this  horizon.  It  probably 
bel(Higs  in  the  group  lying  close  to  the  top  of  the  Sharon  conglom- 
erate, as  is  indicated  by  the  section  obtained  in  crossing  the  ridge  from 
Deer  Creek  to  Little  Fork.  This  section  again  illustrates  the  objec- 
tions raised  in  this  bulletin  to  numbering  coals.  On  the  west  side 
of  this  ridge  at  least  ten  small  coal  beds  appear,  any  one  of  which 
theoretically  may  be  thick  enough  to  be  conmiercially  valuable  at 
some  place.  On  the  east  side  of  the  ridge  seven  coal  beds  were 
counted,  the  lowest  of  which  is  the  one  referred  to  above  as  outcrop- 
ping near  the  mouth  of  Field  Brancli.  This  coal  has  been  opened 
T)y  Walter  Field,  Rol)ert  Rucker,  and  others,  the  openings  l)eing  at 
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i'lO.  18. — SectioDH  of  Harretl  Crwk  coal.  1,  William  llerbelan.  iH'cr  Cre*'k ;  2,  Mrs. 
Rebecca  Tackett,  Deer  Creek :  3.  Walter  Field,  Field  Branch :  4.  Robert  Uucker.  Flehl 
Branch ;  5,  R.  T.  Berry.  Blaine ;  (5.  J.  W.  Sparks,  Sarah.     Scale,  1  Inch  =  5  feet. 

the  base  of  the  hills,  but  a  few  feet  above  the  Hood  plains.  At  Mr. 
Mucker's  coal  bank  about  24  feet  of  excellent  coal  appears  between  a 
shale  roof  and  fire-clay  floor  (section  4,  fig.  18).  At  Mr.  Field's  over 
3  feet  of  clean  coal  was  seen,  with  a  thin  body  of  shale  above,  capped 
by  a  good  sandstone.  Mr.  Field  reports  that  some  of  the  coal  nms  as 
high  a.s  4  feet  4  inches,  but  that  3^  feet  is  a  fair  average.  The  posi- 
tion of  this  coal  in  the  hills  is  such  as  to  suggest  the  possibility  of  a 
large  body  of  workable  coal,  the  more  so  as  it  is  believed  that  this 
coal  may  be  the  stratigraphic  equivalent  of  that  opened  by  Mr.  Her- 
belan and  Mrs.  Tackett  to  the  west  of  Deer  Creek,  which  is  known 
to  be  fairly  persistent  and  of  workable  thickness.  The  position  of 
this  coal  with  reference  to  the  railroad  is  favorable  to  its  easy  and 
cheap  exploitation,  and  the  slight  westward  rise  of  the  l>eds  in  this 
vicinity  should  solve  in  large  measure  most  of  the  difficulties  en- 
countered in  the  drainage  of  the  mines. 

The  coal  opened  by  R.  T.  Berry,  southeast  of  Blaine  and  east  of 
Hood  Creek,  may  belong  at  this  horizon.    It  measures  20  inches  in 
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'  Uii(*kiu»8s  and  is  workeil  for  local  iiye.    The  coals  along  Iridi 
jieur  its  nioiith,  are  referred  ta  the  lower  horizons  in  the  Pottsville. 

JThey  are  reported  workable  in  one  or  two  plactis^  but  the  writer  was 

'not  able  to  verify  thits  in  format  ion.  These  low*er  couls  are  here  uud 
tlien*  partly  cannel.  The  ami  meiisui'ed  by  (t,  11,  A^^hley  near  drain- 
ngv  level  »it  Sarah  is  coiisider<Ml  to  lie  near  the  ba?*  of  the  Pottsvilk; 

lit  wan  reported  28  inches  thick*  with  a  12'inch  bench  of  cannel  8 

[  inches  from  it^i  top. 

The  coal  mined  along  Briit^hy  Creek  is  one  of  the  most  important  of 

\  the  h^wer  beds.  It  has  been  referred  to  at  times  as  No.  1  or  the  Bar* 
r^tt  Creek  coaK  but  its  position  with  reference  to  the  Sharon  con- 
glotnenjie  outcropping  along  Brushy  Creek  in  the  vicinity  of  Ciir- 
dell  leads  to  another  interjHetation.  Below  Cordell  at  the  bank  of 
A,  J.  Soard  this  coal  is  ISO  feet  al>ove  the  top  of  the  Sharon,  a  much 
greater  distance  than  appears  about  the  town  of  Blaine,  or  along 
Deer  or  Barrett  creeks.  It  is  strongly  probable,  therefore,  that  the 
coal  on  Brushy  Creek  is  higher  than  the  Barrett  Creek  bed>    It  may 
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Fig.  19. — Sections  of  coal  on  Brushy  Creek.  1,  Two  miles  east  of  Blaine;  2,  Simpson 
Steele,  head  of  Brushy  Creek ;  3,  Isaac  Adams ;  4,  Garfield  Moore ;  5,  near  mouth  of 
Big  Branch.     Scale,  1  Inch  =  5  feet. 

correspond  to  No.  2  of  the  districts  to  the  north,  though  without 
paleobotanic  evidence  such  long-distance  correlations  have  little  value. 
Some  of  the  coal  along  Brushy  Creek  contains  a  thin  streak  of  cannel. 
as  at  the  bank  of  Garfield  Moore.  It  shows  in  general  about  3  feet 
of  coal,  partly  soft  bituminous  and  partly  splint.  It  appears  to  be 
persistent  in  the  hills  along  Brushy  Creek  to  the  point  where  it  dis- 
appears below  drainage  level  about  three-quarters  of  a  mile  above  the 
mouth  of  Big  Branch.  It  is  an  excellent  coal  for  domestic  purposes 
and  furnishes  all  the  inhabitants  with  fuel.  The  sections  of  this  coal 
measured  by  the  writer,  are  given  in  fig.  19. 

TECHNOLOGY  OF  THE  COAL  MINING. 

Most  of  the  mines  in  this  quadrangle  are  small,  none  employing 
more  than  75  men  and  very  few  averaging  as  high  as  50  men  daily 
throughout  the  year.  The  equipment  is  in  most  places  comparatively 
simple.  All  the  shipping  mines  are  ventilated  by  means  of  furnaces, 
and  draimige  is  usually  natural,  by  means  of  ditches.  In  a  few  of 
the  mines  siphons  are  used  for  the  drainage,  and  the  occasional  use 
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of  hand  pumps  is  reported.  None  of  the  mines  were  reported  to  be 
gaseous.  In  the  majority  the  coal  is  picked  with  the  ordinary  hand 
picks,  but  machine  mining  is  practiced  at  the  Torchlight  mine,  Sulli- 
van compressed-air  drills  being  used. 

The  width  of  the  entries,  the  distances  at  which  rooms  are  turned, 
and  the  size  of  pillars  left  vary  considerably  in  the  different  mines. 
The  main  headings  are  run  usually  8  or  9  feet  wide,  and  the  cross 
headings  are  a  foot  or  two  narrower.  Rooms  are  turned  every  33 
feet  or  thereabouts  and  vary  in  width,  but  most  are  fnmi  20  to  25  feet 
wide.  The  custom  seems  to  Ih»  to  run  the  rooms  200  or  250  feet  long. 
The  pillars  left  are  from  8  to  13  feet  wide. 

All  the  coal  is  carried  from  the  mines  by  mules  in  cars  with  capaci- 
ties ranging  from  1,200  pounds  to  1  ton.     Most  of  the  mines  have  the 
larger-size  cars,  but  one  mine  reports  the  use  of  a  car  with  a  capacity 
of  1,300  pounds.     All  the  mines  are  drifts.    Most  have  the  ordinary 
cradle  tipple,  but  that  of  the  Torchlight  Coal  Company  is  more  elab- 
orate, employing  a  shaking  screen.     Most  of  the  coal  is  shipped  as 
jun-of-mine,  but  it  is  sometimes  screened  to  suit  the  buyer.    A\Tien 
'this  is  done  a  small  loss,  usually  not  more  than  5  per  cent,  is  entailed. 
Nearly  all  of  the  coal  mined  in  the  quadrangle  is  shipped  to  places 
^slcmg  the  local  railroad  lines.     Much  of  that  mined  at  Rush  and 
"Winslow  goes  to  Ashland,  where  it  is  used  at  the  furnaces  or  for 
domestic  purposes.    That  mined  on  Lost  Creek  by  the  Eastern  Ken- 
tucky Railway  is  likewise  used  along  the  line  or  by  the  railroad  itself. 
^The  eannel  mined  by  the  Kentucky  Cannel  Company  at  Boghead  and 
HHunnewell  is  shipped  abroad,  where  it  is  used  as  a  gas  enricher. 
•Some  of  the  coal  mined  at  the  Torchlight  mine  is  shipped  to  the 
U^acific  coast  and  other  western  points. 

STATISTICS  OF  COAL/' 

The  following  figures  give  an  idea  of  the  magnitude  of  the  coal 
i  ndustry  in  this  ai*ea  during  the  last  five  years.  The  figures  represent 
■^ons  of  2,000  pounds  each. 


Coal  production  in  Kcnora  quailrnngh\  Iif02-1906. 


County. 


I  at  mfnejt. 


1«>2.  Tom. 

^yd - 241.127 

Osrt«r - - -  2»W,avj 

^fecellaneoiM  * 3,68«i 


Sold  or 

use<l 
l<H'ally. 

Tomt. 
870 
1H.34.-) 


512,869 


Boyd 

Carter. 

If  IwyllBneniid. . 


IMH. 


245,401 

25(1,321 

22,713 


524,52;"> 


14.801 


8,U0i5 
1,550 


10,455 


Total. 


Tons. 

241,997 

281,401 

4.272 


5*27,670 


245,491 
265,226 
24,263 


Value. 


$198,479 

285. 2n 

5,335 


484.065 


220.(»0 
289.130 
26.H19 


.'>3I.960  , 


Average 

price  iHT 

ton. 


$0.80 
1.01 
1.25 


.no 

1.0I» 

1.11 


'  Btatistlcn  were  obtained  from  the  records  of  the  United  States  Geological  Survey. 
*  Mificellaneoufl,  in  each  year,  includ<:s  Lawrence  i.'ounty,  Ohio,  and  Uiwrencc  County.  K.^. 
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Goal  production  in  Kcnova  quadrangle,  1902-1906 — Ck)ntiiiued. 


County. 
1«M. 

Loaded 
at  mines. 

Sold  or 

used 
locaUy. 

Total. 

Vshie. 

Averag^M 
price  pe=s 
ton. 

Boyd- -  -. 

Tons. 

60,067 
241.068 

28,441 

Tons, 
28 
3»942 
1,200 

Tons. 

60,006 
245,030 

24,641 

58.804 
260.884 
36.016 

Garter _    

1    . 

Miso«llaneou8 -.     _     -     -.-      -.           - 

1 

i9ori. 

873.506 

5,170 

888.786 

343.704 

- 

Boyd 

46,642 
188.135 
10,810 

1.762 

7,0E»4 

100 

48.804 
145.160 
10.410 

87.200 

144.448 

9.750 

Carter 

i.^k: 

Miscall aner>U8.  _             -- 

L906. 

194.967 

8.896 

208.883 

191.456 

— 

Boyd.        .    -    . 

46.822 

154,482 

5.845 

2.500 

4.266 

70 

48.822 

158,748 
5,915 

38.540 

144.896 

5.295 

Carter _  _ 

Miscellaneous 

_ 

206,640 

6.836 

213.486 

186.734 

Production  at  atunti^  banks  only  and  for  local  trade. 


County. 


Boyd 

Carter 

Elliott 

(Tfeenup 

Lawrence,    Ky.. 
Lawrence.  Ohio. 


Tons  of 
2.000 

pounds 
each. 


516 

•2,367 

473 

323 

7,621 


11,300 


Value, 


$456 
2,724 

G38 
372  I 
8,058 


Average 

price  per 

ton. 


190G. 

Tons  of  I 

2-«»         Value 
pounds      >«'"«• 

each. 


Aver*- 
price 
ton=: 


3.284 
2,298  ' 
272 


$3,931    - 

2,392  L 

3o5  ,. 


12,848 


$1.14  I 


2.012 
2.020 


10,486  I 


2.348  : 
2. -625  I 


^y  .10 


According  to  the  reports  of  the  State  inspector  of  mines  of  Ke/i- 
liicky,  the  production  of  cannel  coal  and  of  coke  from  66  ovens  in  this 
jirea  for  the  years  1901  to  1904  was  as  follows: 


Pnnluvi'wn,  in  short  lontf,  of  cannel  coal  and  of  coke,  1901-J90Jt, 

Cannel  coal. 

lOCl _     11,203 

1002 11,330 

1JK)3.    _     _     8,341 

IIKU 2,780 


Coke. 

1001 23,320 

1002 23.07.^ 

1003 22,323 

1004 17.J»>^' 


CLAYS  AND  SHALES. 


INTRODUCTION. 


The  clays  of  the  Kenova  quadrangle  will  be  described  by  horizon?^, 
as  some  are  scattered  over  the  entire  area,  and  the  description  by  dis- 
tricts would  involve  needless  repetition.  All  the  clays  of  north- 
eastern Kentucky  have  been  deposited  by  the  agency  of  water  and 
are  hence  called  sedimentary  clays.  They  may  be  divided  with  re- 
gard to  both  their  age  and  their  adaptability  into  two  classes— (1) 
clays  which  were  deposited  in  Carboniferous  time  and  are  more  or 
Mss  closely  associated  \\\tVv  eo^il  beds,  and  (2)  recent  days,  that  is, 
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those  occurring  in  the  present  river  and  stream  valleys.  The  former 
are  by  far  the  more  important.  For  descriptive  purposes  the  clays 
may  be  regarded  as  either  plastic  or  nonplastic ;  the  latter  variety  is 
also  known  as  iSint  clay. 

On  pages  14-21  of  this  bulletin  will  be  found  a  somewhat  extended 
description  of  the  beds  in  which  these  clays  are  found  and  the 
way  in  which  they  are  classified  according  to  their  relative  ages. 
The  reader  is  referred  to  this  preliminary  description  for  explana- 
tion of  many  of  the  terms  used  in  the  following  discussion.  On 
page  29  also  will  be  found  a  brief  description  of  the  clays,  to  which 
the  general  reader  is  referred.  The  following  notes  are  intended 
for  the  use  of  those  who  are  more  particularly  interested  in  the  clay 
resources  of  this  region,  and  hence  the  description  will  be  given  with 
considerable  detail  and  will  be  accompanied  by  sections  and  analyses. 
The  columnar  section  on  the  economic  map  will  show  the  position  of 
the  more  important  clay  horizons. 

CLAYS   IN    THE   CONEMAUGH    FORMATION. 

The  clays  highest  geologically  are  in  the  Conemaugh  formation. 
As  a  rule  the  plastic  clays  in  this  formation  are  the  under  clays  of 
coal  beds.  The  Conemaugh  coal  beds  are  irregular,  both  in  distribu- 
tion and  in  thickness,  and  the  same  ^s  true  of  the  associated  beds  of 
clay.  Clay  has  been  noted  at  a  few  horizons,  but  it  is  not  worked 
at  any  place  so  far  as  known. 

The  shales  in  this  formation  are  abundant  and  widespread.  So 
far  as  known  these  have  not  been  utilized,  but  it  is  certain  that  they 
are  adapted  to  the  manufacture  of  some  types  of  building  brick. 
They  are  present  in  the  hills  about  Ohio  and  Big  Sandy  rivers  and 
are  conveniently  situated  with  respect  to  transportation. 

CLAYS    IN    THE    ALLEGHENY    FORMATION. 
CLAY    ASSOCIATED    WITH    VANPORT    LIMESTONE. 

The  clay  bed  associated  with  the  Vanport  ("  Hanging  Rock  ") 
limestone  easily  outranks  all  the  other  clays  in  the  Allegheny  forma- 
tion in  distribution,  quality,  and  quantity.  This  clay  bed  occurs  near 
the  base  of  the  Allegheny;  it  usually  lies  from  10  to  40  feet  above 
the  top  of  the  Homewood  sandstone,  or  Pottsvillc  formation,  between 
coals  Nos.  5  and  6.  In  the  absence  of  coal  No.  5  it  may  lie  even  nearer 
the  Homewood  sandstone. 

Extent, — This  clay  bed  is  above  drainage  level  at  Coalgrove  and 
Forestdale,  Ohio,  but  the  dip  to  the  east  soon  carries  it  below  drain- 
age level.  It  has  l)een  opened  and  worked  in  the  hills  both  east  and 
west  of  Ashland  and  also  north  of  Catlettsburg.  The  dip  toward  the 
center  of  the  basin  causes  its  disappearance  near  the  mouth  of  Big 
Sandy  River,  and  it  does  not  reappear  north  of  Ijouisa.  From 
Ijouisa  it  occurs  in  the  hills  in  a  great  arc,  following  the  outer  edge  of 
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the  basin  and  coming  back  to  Ohio  River  near  A^lJand.    Its  h«^i20ir 
is  also  above  drainage  level  to  the  east  and  southeast  of  Cassvill^ 
W.  Va.  I 

This  eooiioniic  horizon,  the  l>eds  at  which  contain  clay,  iron  ore,  ana 
limestone,  i^  indicated  on  the  map  (PL  I)  by  a  red  line.  It  will  be 
understood  that  the  clay  is  not  necessarily  workable  at  all  points  on 
this  line*  The  flint  rh\\\  whicli  occnrs  in  small  amount  a^^^ociated 
with  the  plastic  variety,  will  be  found  a  greiit  help  in  the  field  in 
locating  tbe^*  deiHisits,  for,  owing  to  it^  indent r net ible  character,  ^mall 
fragmoDts  of  the  flint  cky  nsually  remain  near  the  outcrops.  Its  po- 
lotion  near  the  top  of  the  ma^ive  Home  wood  sandstone  irihould  serve 
ns  an  additional  help  in  locating  it.  m 

Depdojnntht.—Tlw  following  firms  work  this  clay:  Petersburg 
Fire  Bride  and  Tile  Company^  Coalgrove,  Ohio;  A^^hland  Fire  Brick 
Company,  W.  T.  John^n,  and  O'Kelly  Brick  Company,  Ashland, 
Ky,;  Weaver  Pottery  Company,  Catletlsburg,  Ky.;  Willard  Fire 
Clay  Com]iany  ami  Krailey  &  Rice,  Willard^  Ky*  Besides  the  mine^ 
of  Uie  abovt>  firnts  nuniierotts  sttial)  ojienings  wludi  had  been  worked 
in  the  past  and  many  pru^pects  were  located  by  the  writer  during  this 
inTestigatitjiu 

/^Ayajeaj  t^Aortfrten — ^Th©  clay  ai  the  horizon  of  the  Vanport  lim^ 
slone  is  plti^lic.  c?Ei^pt  for  the  small  band  of  flint  clay.  The  pla>tic 
clay  is  of  two  grades  the  high  (No.  !)•  and  the  low  (Na  2).  The 
Hint  clay  is  of  slight  economic  importance  owing  to  its  thinness. 
The  two  fallowing  sections,  one  measured  by  G.  H.  Ashley  1  mile 
wt^st  of  AslUand  and  the  other  by  the  writer  at  Willard,  give  an 
idea  of  the  assiviateil  beds; 

^!et^#j(Mi  «/  rl«y  ^*W  I  mUe  wr^t  of  Asktmnd  (Asftlry). 

Ft.       in. 

i^iHlstvHi^^  linrtit  b>rv>wu 2(H- 

i\H*l- 2+ 

ShiiU\  lV«tH  ^IwK    -  2 

i^>\  lijftH  hl\*Wtt-  -       G 

OKv  xvkAK  awiK  1  6 

i^kA^w  v^rt^K  with  !^\4ttwv*l  tr\^ce<^V'  c^iDCTKicos  iVaniiort 

ltHNr«!^>t»^  lK«riiv»ti  ^. 2 

5^>iWv  tx^t  vIruK  »tt4>  ^  1         2 

5^tk*K\  vtrxftK  noi^i^  u|^  tvv.. 8 

\Msft^>\  vl^rK  Om^  tv*^  ^>^vi.  ^rtdJOKiF  IkIi^  Uclit  4ni^  st  hmI- 

av^  1         6 

iH^>x  vtT^K  3 

^Hi¥t  vl%V>  .       1-4 

i'^H.N.    vtlTHK  5  6 

\^\x  v*iiV<  vIXxjiK  A^tttvvsi;  ^»:i»c^-        -  3 

VHh,\v  vt\^^  S 

VXhu  t\x^  tVsttt  Khe  K><tvet  ^  tW  Wwv^  tayer  is  aboiil  1  foot  of 
l^K^  vU<^h  rtmt  v^Vv  situtbr  U'^  (W  W^l  «kf  i^  IVvksylTania  flint 
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Section  of  clay  bed  at  WUlard,  Carter  County,  Ky, 

Ft.      In. 

Fire  clay 4 

Coal 4 

Flint  clay,  bluish  (reported) 4 

Clay,  dark,  plastic 4 

Clay,  light,  plastic,  harder  than  the  above 2 

Van  port  limestone: 

Iron  ore,  red  (2  to  4  feet)__       

Limestone  (4  to  6  feet) 

Flint  clay,  thin  band,  formerly  hhipped  to  Olive  HiH,  Ky., 
and  to  Strasburg,  Ohio. 

The  Willard  section  differs  from  that  at  Ashland  in  having  the 
)rkable  clay  above  the  limestone,  and  not  both  above  and  below, 
in  the  section  measured  by  Ashley  and  also  in  a  section  measured 
the  writer  at  the  clav  bank  of  William  T.  Johnson  west  of  Ash-* 
id. 

Section  at  the  William  T,  Johnson  clay 'mine,  went  of  Ashland, 

Ft.     In. 

Clay,  dark .....    _   4 

Limestone  ore  (locally  replaced  by  4  feet  of  limestone), 

averaging—.--       .       _.     6 

Bone,  not  always  present __     2 

Clay,  light  drab 2 

The  clay  also  occurs  both  above  and  below  the  limestone  in  the 
Bning  of  the  Petersburg  Fire  Brick  and  Tile  Company  at  Coal- 
5ve,  Ohio,  aijd  the  follow^ing  section  reported  to  the  writer  shows 
5se  conditions: 

Reported  section  of  clay  bed  at  Coalgrove,  Ohio. 

Ft.       In. 

CHay,  plastic .       .^.    ._  1     G-8 

Clay,  Koft,  plastic  (No.  2) 5-G 

TJniestone _      4 

Clay(X<'.  1)_  - 1         s 

John  Peters,  president  of  the  company,  reports  that  the  beds 
2upy  these  relative  positions  for  several  miles  to  the  we.^^t.  In  the 
stern  part  of  Ashland,  at  the  O'Kelly  Brick  Company's  opening, 
B  follow^ing  section  w^as  measured: 

rction  of  clay  bed  at  the  mine  of  thv  O'Kelly  Brick  Company,  Ashland,  Ky, 

Ft.  in. 

Clay,  upiH»r.  (lark- _ _     _.     4     « 

Coal 4 

Clay-   -     *         -    -     3i 

Coal  _  .    -    .-  3 

Clay.        . 3     (J 

The  siliceous  clay  given  in  the  section  (p.  117)  at  the  base  of  the 
ilegheny  formation  near  Louisa  and  Cassville  probably  belongs 
ar  this  horizon.    In  the  section  measured  at  Cassville  more  than  (> 
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feet  of  clay  k  shown*  and  in  the  section  on  the  Chesapeake  and  Ohio 
Railway  about  1  mile  north  of  Louisa  about  8  feet  of  very  similar 
material  was  measured. 

In  some  places  clay  at  this  horizon  is  suitable  for  making  pottery- 
A  section  measured  by  P,  N,  Moore  at  Amanda  furnace,  about  4  mil^ 
northwest  of  ^Vshland^  shows  a  layer  of  pottery  clay.  This  section  is 
as  follows; 


I 


SeciUiti  of  vlay  ftril  nviir  A  ma  tula  funi4ivt\ 


Son.. _. 

Clw,v  abnle - -.^_^ 

OhiI  -^,-^— ,. _.- 

C  lay »  i>utter J ^  , 

Cloy    (No,  1^_ 

L I  iij  t^st  one  ore -^^,^- 


Fl   to, 
4 


Top  of  ViiiUKirt  {'*  Hanging  iUK'k  "1   Itmestoni*, 

The  product  mined  near  *Vjiianda  furnace  wa^  shippal  to  Cincin- 
nati. The  only  company  in  this  quadrangle  using  clay  from  this 
bed  in  the  man ti fart ure  of  pottery  is  the  Weaver  Pott*?ry  Company, 
located  near  Catlettsburg,  Of  the  G  feet  of  cky  measured  in  the 
company  s  bank  only  tht*  up|K*r  ;H  feet  is  worked,  the  lower  part  of 
the  bed  bein|^  too  sandy  to  give  satisfaction.  The  pre?«ence  of  linie- 
stuiu^  prbbles  lias  alsij  (*nHM*d  th<^  c'lMupany  some  »rinoyaiHi\  When 
subjected  to  the  baking  process  the  carbon  dioxide  in  the  limestone 
is  liberated,  causing  little  particles  of  the  vessel  to*  flake  off,  and 
thereby  either  ruining  the  vessel  or  making  it  of  second  grade. 

Chemical  character, — The  character  and  color  of  the  clay  in  the 
different  benches  is,  as  a  rule,  fairly  uniform.  The  fracture  is  rather 
irregular,  and  the  clay  is  somewhat  hard,  but  becomes  soft  on  expo- 
sure and  afterward  makes  better  brick.  The  following  analyses 
indicate  the  chemical  character  of  this  clay : 

Analysea  of  clay  associated  with  the  Vanport   {''Hanging  Rock")   limestone^ 


SUIca  (Si02) 

Alumina  (AlaOa) 

Ferric  oxide  (Fe203) 

Manganese  oxide  (MnO) 

Llmc(OaO) 

Magnesia  (MgO) 

Potash  vKsO) 

Soda(NaaO) 

Water  (HaO) 

Loss  on  ignition 

Sulphuric  anhydride — 


101.10 


40.14 
43.72 

i.gB 

1.60 


100.00 


56.40 
28.00 


i4.ao 


100.00 


1.  Willard.  Carter  County.  Ky.  AnalyslB  made  at  the  Rtructural  materialfi  testing 
laboratory,  United  StateH  Geological  Survey,  St.  Louis,  Mo.     C.  H.  Stone,  analyst. 

'2.  Upper  stratum  of  clay  at  Vanport  limestone  horizon,  Ashland,  Ky.  Robert  Peter, 
aualyKt. 

X  Lower  stratum  of  clay  in  No.  2. 

AnalyneH  2  ami  'A  were  kindly  furnished  by  the  Ashland  Fire  Brick  Company. 
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Applications, — As  observe<l  from  the  sections,  most  of  the  clay  at 
this  horizon  is  of  No.  2  quality.  It  is  used  chiefly  as  a  bond  in  the 
manufacture  of  fire  brick  and  to  a  less  extent  for  blast-furnace  cru- 
cibles, boshes,  coke-oven  brick,  etc.  For  the  first-named  purpose  it 
is  used  by  the  brick  companies  at  Ashland  and  Coalgrove.  The 
product  mined  at  Willard  is  shipped  chiefly  to  Olive  Hill,  where  it  is 
mixed  with  flint  clay  to  make  a  first-grade  fire  brick.  The  Willard 
fire  brick  is  esteemed  very  highly  by  the  clay  men  at  Olive  Hill. 
The  Ashland  Fire  Brick  Company  has  to  import  flint  clay  to  make 
its  high-grade  refractory  products.  To  make  first-class  refractory 
brick  67  to  80  per  cent  of  flint  clay  is  used,  depending  on  the  use  to 
which  the  product  is  to  be  put,  the  remainder  being  plastic  clay. 
For  second-grade  articles  these  proportions  are  reversed.  It  has 
been  estimated  that  probably  500  to  700  pounds  (according  to  the 
way  the  clay  is  used)  will  l^e  sufficient  to  make  1,000  regulation 
9-inch  brick,  when  this  clay  is  used  alone  as  a  binder.  Its  use  in  the 
manufacture  of  pottery  has  been  referred  to. 

OTHER    ALLEGHENY    CLAYS. 

Near  North  Kenova,  Ohio,  a  clay  was  worked  thirty  years  ago  and 
hauled  to  Burlington  and  South  Point,  where  it  was  used  in  making 
pottery.  The  old  clay  mines  are  now  entirely  fallen  shut.  The  clay 
is  25  feet  above  No.  8  coal  and  directly  below  a  massive  sandstone, 
thus  occupying  a  position  near  No.  9  coal.  This  correlation  is 
strengthened  by  its  distance  of  about  85  feet  above  the  Sheridan 
coal.  This  is  the  only  known  occurrence  in  the  area  of  a  workable 
clay  at  this  horizon. 

At  Cassville,  W.  Va.,  a  flint  clay  has  been  prospected  at  a  horizon 
lower  than  the  above,  in  the  hills  north  of  the  depot,  by  Frank  Yates, 
of  Louisa.  It  is  found  at  an  elevation  of  about  80  feet  (barometric) 
above  the  tracks  of  the  Norfolk  and  Western  Railway,  and  about  100 
feet  below  the  base  of  the  massive  Mahoning  sandstone  near  the  top 
of  the  hill. 

Section  of  Yates  eUty  pit,  (.UiHHville,  \V.  Va. 

Cliff  of  brown,  flno-graiiUMl,  arKillaeeous  sandstone.  ^'e^*- 

Sbale,  oHve  drab Ti 

Clay,  drab,  with  numerous  nodules  of  iron  or  lime,  2  to  4 

inches  In  diameter,  and  distributed  in  lines 4J 

Clay,  drab,  granular  near  crop,  smooth  farther  back 1\ 

Clay,  light  drab,  soft,  plastic,  smooth  at  back  of  pit,  breaking 

with  subflinty  fracture,  at  crop  apparently  typical  flint  clay.  2^ 

Clay,  dark  drab,  hard,  sandy 1 

Clay,  drab 3 

Clay,  brownish  red 5 

The  same  clay  was  also  observed  at  a  few  points  in  the  hills  along 
Mill  Creek  and  is  reported  4  feet  thick  at  one  point.  This  flint-clay 
horizon  is  certainly  worthy  of  very  careful  prospecting. 
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(Hh(^r  ctays  locally  workuble  undoubtedly  exist  in  the  Alieorheny 
foniiiitinn.  Many  shale  l>edH  al.so  appear  promising  and  will  prob- 
ably be  used  in  the  future  for  paving  bricks*  *5ewer  pipes,  and  other 
purposes  where  inferior  material  may  be  utilized. 

VUiTS   m    TKi:   POTTSVILLE  fXJK^HATION. 
WCIOTOVIU.K  Ct-AYr 

In  the  PottJ^v^ille  formation,  as  in  the  Allegheny,  one  clay  bed  stands 
preeminently  tdxive  the  rest  as  regards  quality,  distribution,  and 
thickness.  This  is  the  Sciotoville  lin^  clay  (jf  the  Ohio  Geological 
Survey  i*ejK>rts,  less  commonly  known  as  the  Ix>gan  clay.  It  has  been 
extensively  mined  at  Sciotoville  and  rortsniouth.  Ohio.  It  occurs 
a  few  feet  above  the  Maxville  limestone,  but  this  lime^st^jue  and  the 
beds  immediately  above  it  are  very  i^parsely  distributed  in  this  quad- 
rangle. On  the  map  {PI*  I)  the  red  line  drawn  on  Everman  Creek, 
Carter  County,  just  at  the  western  edge,  and  the  red  line  on  Tygart^* 
Cruck  indicate  the  extent  of  this  horizon  above  drainage  in  thift  area 
and  also  where  it  may  be  looked  for  Ou  Evenuan  Creek,  a  short 
distance  alx>ve  the  residence  of  David  Childers,  4  to  G  feet  of  non- 
plastic  clay  shows  and  has  been  mined.  A  short  distance  below  Mn 
Childerss  house  the  limestone  outcrops  in  the  road,  apparently  di- 
reitly  l*el«w  the  massive  Sharon  sandstone.  The  clay  was  not  ob- 
served here.  It  was  reported  to  G.  H.  Ashley  as  being  5  feet  thick 
and  resting  directly  against  the  limestone  on  North  Fork  of  Oldtown 
Creek,  and  as  usually  h^ing  present  without  the  limestone  in  the  hills 
east  of  Tygarts  Creek.  West  of  Tygarts  Creek  the  limestone  is  re- 
ported as  generally  prasent,  but  little  seems  to  be  known  of  the  clay.*» 
This  horizon  may  be  looked  for  along  the  western  outcrop  of  the 
coal  measures,  occurring,  as  it  does,  at  the  base  of  this  series  of  rocks. 
Where  present  it  will  usually  be  found  a  few  feet  above  the  Maxville 
limestone  or,  in  the  absence  of  this  bed,  occupying  a  similar  position 
above  the  sandstones  of  the  Waverly.  Though  its  outcrop  area  in 
the  Kenova  quadrangle  is  extremely  small,  a  few  miles  to  the  west  its 
horizon  is  above  drainage  level  in  nearly  the  entire  valley  of  Tygarts 
Creek.  At  Olive  Hill,  in  Carter  County,  it  is  now  extensively  w^orked 
by  the  Portsmouth  Harbison- Walker  Company  and  the  Olive  Hill 
Fire  Brick  Company,  and  it  shows  the  following  section  at  one  of  the 
openings  of  the  former  firm : 

S^cvtion  of  clay  bed  at  OHtw  Hill,  Carter  County^  Ky, 

Ft.         In. 

Coal -. 2-6 

Clay,  No.  3 4*. 1-0 

Clay,  drab  flint  (No.  1) 1-0 

Clay,  *' semihard  "  (No.  2) 1-^ 

«  These  statements  refer  to  the  territory  within  the  Kenova  quadrangle. 
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Ft.      In. 

'*Pink  eye*' 3 

Shiile,  blue 1    e>-8 

Iron  ore - 4-8 

Top  of  Maxville  limestone. 

This  order  of  superposition  is  usually  maintained  in  this  district. 
It  will  thus  be  seen  that  there  may  be  four  distinct  varieties  of  clay 
present  in  this  noted  bed.  Of  these  the  nonplastic  or  drab  flint  clay 
is  by  far  the  most  important  and  becomes  the  basis  of  refractory 
materials  of  the  highest  grade.  The  layer  known  as  "  semihard  ''  is 
on  a  par  with  the  clay  at  the  horizon  of  the  Vanport  (*'  Hanging 
Rock  ")  limestone,  already  described,  though  by  some  of  the  clay 
workers  the  Vanport  limestone  clay,  at  least  at  some  points,  is  con- 
sidered superior.  The  "  semihard  "  is  a  plastic  or  No.  2  clay  and  is 
mixed  with  the  flint  clay  in  various  proportions,  depending  on  the 
desired  quality  of  the  product.  No.  3  clay  is  also  plastic,  but  of 
inferior  quality  to  No.  2,  while  that  called  "  pink  eye  "  may  be  worked 
up  into  bricks,  but  the  product  is  off  color.  The  following  analyses 
indicate  the  very  high  grade  of  the  flint  clay  at  this  horizon,  the 
percentages  of  silica  and  alumina  approaching  the  theoretical  values 
in  kaolinite : 

Analyses  of  8ciotot?Wr  flint  clays  of  Kenova  quadrangle. 


SDieftCSiOt) — 

Alumina  (AlsOs) 

Iron  oxide  (VeaOs) 

Ume  (OaO) 

lUcnoia  (MgO) 

Pbotpborlc  add  (PsOa). 

Potaah  (KK)) 

8oda(NaaO) 

Water  (HiO) 


50.9r> 
39.49 


9.18 


100.20 


2. 

3. 

48.56 

46.75 

37.471 

88.17 

Trace. 

Trace. 

.112 

.17 

Tract*. 

Trace. 

.225 

Trace. 
14.03 


100.000  i 


09.12 


"  Rxi»ell€«il  at  red  hi*at. 

1.  SdotOTllle  fire  clay.  N.  W.  I-.ord.  analyst ;  Ohio  (;oolof?1cal  Survey,  vol.  7.  1803, 
p.  58. 

2.  Ridge  between  (irassy  and  Three  Prong  creeks,  Carter  l*ounty,  Ky.  Sample  col- 
lected by  P.  N.  Moore ;  Robert  Peter,  analyst :  Keport  on  eastern  coal  tield  :  Kentucky 
Geol.  Barrej.  yoL  C,  p.  10. 

8.  Near  OlWe  Hill,  Carter  County.     Analysis  furnished  by  Ashland  Fire  Brick  Com- 


OTIIKK  l»OTT8VILLK  (LAY  BEDS. 

There  are  other  clay  l)eds  l)elo\v  the  Ilomewood  sandstone,  but  they 
have  not  come  into  prominence.  One  of  these  is  the  chiy  associated 
with  No.  4  coal,  which  lies  under  the  Honiewood  sandstone.  This  coal 
and  its  underlying  clay  outcrop  in  the  eastern  part  of  Ashland,  and 
the  coal  has  been  worked  in  a  small  way  at  many  places  on  the  road 
approaching  the  cemetery.  In  the  summer  of  1905  the  O'Kelly  Brick 
Company  opened  the  coal  and  clay  and  began  to  utilize  the  clay  at 


in  brick  |i1«t)t  in  i\w  i.^^li«ni  part  of  the  city  with  ^ikfactor^*  r«^uICK. 
The  fill  lowing  ^cticiu  Vfws  measured  at  the  o])emag: 


rftort  &f  ctMMi  fiiKl  H<rir  b^^nfir  fke  Hom4^troad  vmtdjtim^r  in  the  ^aitterm  p^i  «f 

Shrndttoue^  maialvi?.  >^      to* 

Cngl  ^->,,^„p_.^, ^^ - -. .. 1     «-T 

Ckitl .- — ^^- ^_, --^ — -...—  JM> 

crnif. __,.„ . .  _.   2M 

The  same  bed  of  coal,  with  its  imderlying  clay  and  clay  parting, 
ili$r>  occurs  cm  Catietts  Creek,  ftnd  there  is  no  reason  why  this  clay 
should  nat  be  exploited  in  connection  with  the  coal  here^  unlees  it  W 

its  Relatively  great  distance  from  transportation. 
In  the  hili>i  about  the  head  of  Johns  and  Field  branches,  Carter 
County,  a  few  pnm[ied  hole-  have  tieen  made  on  a  bed  of  clay  lying  a 
few  feel  below  the  HoniewocKl  sandstone.  Thin  position  is  similar 
to  that  of  the  clay  (K*curritig  in  the  eastern  part  of  Ashland  and  on 
CatlettH  Creek.  Ojj  tlu*  land  of  .hiilgki  John  W.  Barber  4  feet  of 
mndy  clay  wan  ujeat^ui^ed  at  a  prospect  VThieh  had  not  penetrated 
the  l»ed  far  enough  tn  reveal  it*!  real  character  and  thickness.  This 
bed  should  be  further  prospected  in  the^  hills.  d^3^ 

RECENT  CLAT8. 

The  recent  clays  are  found  in  the  flood  plains  of  the  rivers  and  small 
streams  and  are  very  common,  many  small  streams  having  flood-plain 
deposits  which  extend  well  up  to  their  heads.  These  flood-plain  clays 
are  very  erratic  in  their  distribution  in  the  valleys  of  the  larger 
streams,  and  there  is  no  means  of  pointing  out  where  they  are  most 
likely  to  occur.  They  range  in  thickness  from  1  foot  to  over  4  feet. 
Often  in  working  a  clay  bed  a  sandy  clay  is  encountered,  which  makes 
"  dead  "  brick.  These  streaks  of  sand  are  also  utilized  by  the  brick 
manufacturers,  but  for  certain  purposes  this  sand  has  been  found 
unsuitable  owing  to  the  intermixture  of  particles  of  coal.  The  depos- 
its worked  at  present  are  confined  to  the  valley  of  Ohio  River  in  the 
vicinity  of  Ashland,  where  there  is  a  local  market,  cheap  coal,  and 
transportation  facilities.  The  flood-plain  clay  is  used  chiefly  for 
ordinary  red  building  brick,  though  it  is  adapted  to  the  making  of 
tile,  shingles,  fireproofing,  etc.  It  is  made  into  brick  at  the  Means- 
Russell  plant,  west  of  Ashland,  and  by  the  J.  J.  Gates  Company  and 
the  Olvelly  Brick  Company  in  the  eastern  part  of  the  city.  The 
smaller  flood  plains  contain  clays  which  perhaps  will  not  compare  in 
quality  wuth  those  of  the  larger  river  valleys,  but  which  may  be 
worked  up  into  material  suitable  for  local  country  use.  F.  R.  Bussey 
has  utilized  such  material  from  the  flood  plain  of  Harriet  Branch  of 
^Little  Blaine  Creek.  The  deposit  is  here  only  4  feet  thick,  but  it  illus- 
rates  the  possibilities  existing  on  all  the  smi*ller  creeks.     Flood-plain 
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deposits  along  Big  Sandy  and  Little  Sandy  have  not  even  been  pros- 
pected. Undoubtedly  valuable  deposits  of  clay  exist  along  both  these 
streams,  and  they  may  be  utilized  later  for  common  and  pressed  brick, 
tile,  paving  brick,  sewer  pipe,  etc.  Experiments  having  in  view  the 
adaptability  of  these  flood-plain  clays  to  the  various  purposes  enum- 
erated above  should  certainly  be  carried  out. 

TECHNOLOGY  AND   STATISTICS. 

All  the  clay  mines  in  this  area  are  drift  mines,  in  which  the  work- 
ings Are  very  irregular.  The  mines  are  drained  either  naturally  or  by 
siphon  and  pump,  and  ventilation  is  either  natural  or  by  furnace.  In 
mining  the  clay  the  upper  part  of  the  bed  is  usually  shot  out  by 
powder  or  dynamite  and  the  lower  part  pried  up.  The  clay  is  hauled 
from  the  mine  in  ordinary  mine  cars  drawn  by  mules.  The  following 
table  will  give  an  idea  of  the  magnitude  of  the  clay  industry  in  this 
region  during  the  last  five  years: 

StatiMticM  of  vUiy  produvis  in  the  Kenora  qiiadratifflv,  I902-J906, 


Year. 


Quantity  of 

brick,  in- 
cluding Are, 
vitrified,  and 
common 
building 
brick. 


1902. 
1903.. 
19M. 

igor».. 

190«. 


Total 
vnlne.« 


Thousands. 

10,58V 

$133,633 

12,73(t 

179,221 

u,»n 

02.354 

n,r>74 

128.400 

12,826 

1:12.631 

62.584  , 


•  These  figures  include  values  of  pottery  also.  The  figures  were  obtained  from  the  files 
of  the  T'nlted  States  Oeological  Survey. 

The  seeming  discrepancies  in  the  above  figures  are  due  to  variations 
in  the  amounts  of  fire  brick  and  ordinary  red  building  brick  pro- 
duced. For  ins-tance,  the  figures  indicate  a  verv  unusual  production 
of  the  more  valuable  fire  brick  in  1903,  followed  by  a  falling  off  in 
this  commodity  and  an  increase  in  the  production  of  the  less  valuable 
ordinary  red  building  brick  in  1904. 

It  has  been  found  inexpedient  to  separate  the  statistics  of  the  fire 
brick  and  other  varieties,  owing  to  the  small  number  of  manufacturers 
of  fire  brick  during  some  of  the  years.  For  the  same  reason  it  has 
been  thought  inadvisable  to  tabulate  the  statistics  of  the  produc- 
tion of  raw  clay.  The  United  States  Geological  Survey  has  figures 
for  this  product  for  only  1905  and  1906,  and  the  industry  is  yet  in  its 
infancy.  It  is  probable  that  it  may  never  grow  to  great  proportions, 
as  most  of  the  clay  will  continue  to  be  worked  up  near  the  mines 
to  satisfy  home  consumption.    During  1905  and  190G,  20,108  tons  of 
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ehy\  of  '2,000  pmincb  each,  valii<*<I  at  $11^55,  were  shipped 
ctity  milieu.    All  rhk  Iule  come  from  the  cImj  at  the  hormiD  q£ 
Vanport  ('*  Jlangiog  Uock'')  limestone. 


HASKirr* 
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Tlti  mirlt§t  for  the  cisy  products  of  this  area  is  Tat]if?r  ]ocaL  Most 
of  the  red  hatlclin^f  brick  i*^  used  at  home  or  shipped  to  th^  neifirli^ 
boritj|f  tfiwfis  \n  W**st  Virfriiiia  nnd  ea intern  Kentiickj'.  The  fire  brick 
is  either  used  kicallj  at  tlie  fiirT)Hce'4  in  A.shland  or  s^ipjied  up  or 
down  Ohio  Biver,  aluti^  which  then^  is  considerable  demand  for  such 
material. 
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Tlie  iron  ores  of  the  Hanging  K4>ck  re^on  of  Kentucky  were  of 
fjrcat  iniportunre  in  Mit*  ?ieventies  and  eighties,  but  owin^  to  the  intro- 
dtiction  of  cheaper  ore**  from  Alabama  and  the  Lake  Superior  t*oun- 
try,  and  to  the  ^niduiil  dis<nppeHnince  of  the  forests  on  which  the 
*'linrtoaI  furnaces  c]e|ieii<leiL  ihe  iron  Industry  of  this  region  has 
declined,  utid  at  present  no  furnaces  depending  (in  tiie  local  ore 
supply  are  in  openitioiu  (See  PK  V.\  The  ore  diggings  are  now 
fallen  in,  and  in  many  places  have  entirely  disappeared,  so  that  it  is 
not  easy  to  trace  them.  The  following  descriptions  are  therefore 
necessarily  brief,  especially  those  relating  to  the  block  and  kidney 
ores,  which  at  present  are  not  worked  at  all.  For  fuller  descriptions 
of  the  iron  ores  as  a  whole  the  reader  is  referred  to  P.  N.  Moore's 
report  in  vol.  C  of  the  Kentucky  Geological  Survey,  from  which 
the  writer  has  freely  drawn. 

Where  the  iron  ores  are  better  known  than  their  associated  lime- 
stone beds  the  description  of  the  limestones  is  made  subsidiary. 

IRON    ORES. 
GENERAL  OITTLnfE. 

The  iron  ores  of  this  region  are  chiefly  earthy  carbonates,  spathic 
ores,  or  siderites,  but  on  the  outcrop  and  at  variable  distances  in, 
depending  largely  on  the  porous  or  nonporous  character  of  the  roof, 
the  ores  have  been  altered  to  the  hydrous  ferric  oxide,  limonite.  The 
ores  may  be  classified  as  follows:  (1)  Limestone  ores,  (2)  block  ores, 
(3)  kidney  ores,  (4)  black  band  ores. 

Limestone  ores  are  those  which  occur  upon  or  very,  near  the  top 
of  a  limestone  stratum.  In  many  localities  they  occupy  a  broader  field 
than  the  limestone,  but  the  term  is  still  applied  if  the  ore  occurs 
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near  the  stratigraphic  position  of  the 
limestone.  In  eastern  Kentucky  these 
ores  occur  at  two  horizons — ^the  lower 
associated  Avith  the  Maxville  and  the 
higher  with  the  Vanport  limestone. 
Owing  to  their  purity,  uniformity,  rich- 
ness in  iron,  and  ease  in  working  they 
have  been  among  the  most  highly  valued 
of  all  the  iron  ores  in  this  region. 

Block  ore  and  kidney  ore  are  so  called 
from  their  physical  appearance.  The 
former  cleaves  into  more  or  less  square 
or  rectangular  prisms  Avhen  raised  from 
its  l>ed ;  the  latter  derives  its  name  from 
its  peculiar  kidney  shapes.  Both  varie- 
ties occur  as  unaltered  carbonates  or 
siderites,  except  where  oxidized  to 
limoiiites  on  or  near  the  outcrop.  The 
term  "  black  band  "  is  applied  to  beds  of 
carbonate  of  iron  with  more  or  less  bitu- 
minous and  earthy  matter  associated. 

Geologically  these  ores  occur  through- 
out the  Carboniferous  rocks  in  the  Ken- 
ova  quadrangle,  but  the  most  important 
are  found  in  the  two  lower  formations, 
the  Allegheny  and  the  Pottsville.  These 
iron  ores  are  all  bedded  dei>osits  in  the 
sense  that  they  occur  at  fairly  well- 
defined  geologic  levels,  which  are  per- 
sistent over  broad  areas.  The  skeleton 
section  (fig.  20)  shows  their  relative 
position. 

L1XEKTONE    ORES. 

VANPORT  LIMESTONE  ORE. 

Geologic  position, — The  higher  of  the 
important  limestone  ores  is  that  associ- 
ated with  the  Vanport  ("  Hanging 
Rock '')  limestone  and  hence  known  as 
the  Vanport  limestone  ore.  It  is  often 
known  also  as  the  red  limestone  ore  and 
in  the  Kentucky  Geological  Survey  re- 
ports as  the  "  Ferriferous "  limestone 
ore.    It  occurs  from  10  to  40  feet  above 
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Fig.  20. — Skeleton  section  show- 
ing relative  position  of  llme- 
Btone  nnd  iron  ores. 
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the  top  of  the  Pottsville,  between  coals  Nos.  5  and  6,  the  latter  being 
known  about  Ashland  as  the  "  limestone  coal  "  on  account  of  this  fact. 

Extent, — The  Vanport  ore  horizon  is  found  in  both  Ohio  and  Ken- 
tucky. In  Ohio  its  outcrop  area  is  small  in  this  quadrangle,  but  it  is 
very  extensive  to  the  north  and  west.  As  it  lies  so  near  the  top  of  the 
Pottsville,  structure  contours  drawn  on  the  latter  hypothetical  plane 
apply  equally  well  for  this  ore  horizon  and  for  its  associated  lime- 
stone and  plastic  clay.  Moreover,  the  red  line  drawn  on  PL  I  to  rep- 
resent the  outcrop  of  the  clay  represents  equally  w^ell  the  iron  ore  and 
limestone.  Immediately  south  of  Ohio  River  its  western  limit  is 
beyond  the  border  of  this  quadrangle  and  is  reported  by  Moore  as 
being  about  a  mile  below  Amanda  furnace,  a  few  miles  northwest  of 
Ashland.  The  main  western  outcrop  in  the  Kenova  quadrangle 
appears  at  its  northern  edge  in  the  hills  between  Little  Sandy  River 
and  East  Fork  and  continues  southwestward  to  the  point  where  the 
boundaries  of  Elliott,  Lawrence,  and  Carter  counties  come  together. 
From  this  point  the  general  trend  of  the  outcrop  is  southeastward 
beyond  Big  Sandy  River.  In  Boyd,  Greenup,  and  Carter  counties 
much  of  the  ore  at  this  horizon  has  been  removed  along  the  outcrop, 
but  good  ore  was  seen  in  Lawrence  County  near  the  town  of  Blaine 
and  in  the  hills  between  Adams  and  Prosperity. 

Character, — Though  the  red  line  indicating  the  position  of  the 
Vanport  limestone  and  its  associated  clay  and  iron  ore  has  been 
drawn  continuously  on  the  economic  map,  this  by  no  means  indicates 
that  the  ore  and  limestone  will  be  found  continuously.  On  the  con- 
trary, it  is  known  that  the  limestone  and  the  accompanying  oi*e  are 
in  many  places  not  present,  and  where  present  are  locally  variable 
in  thickness.  The  ore  rests  on  the  top  of  the  limestone,  and  the 
bounding  surface  between  ore  and  limestone,  according  to  Moore, 
is  very  irregular,  being  full  of  little  ridges  and  depressions.  The 
limestone  ranges  up  to  8  feet  in  thickness,  but  may  be  absent  where 
the  ore  is  present.  The  ore  itself  ranges  from  a  few  inches  to  a  few 
feet  in  thickness,  but  may  be  pockety  and  the  pockets  may  l)e  several 
feet  thick.  The  section  of  fire  clay  at  Willard,  Carter  County,  ami 
at  William  T.  Johnsoir.s  clay  mine,  west  of  Ashland,  and  Moore's 
section  at  Amanda  furnace  illustrate  the  thickness  and  associations 
of  the  ore  and  limestone. 

The  limonite  ore  occurring  at  the  outcrop  is  usually  brown  or  red, 
more  commonly  the  latter,  and  in  general  dense  and  close  grained. 
The  red  ore  is  the  more  valuable.  The  carbonate  or  unaltered  ore 
is  dense,  close  grained,  and  bluish  or  grayish  in  color,  and  thei*efore 
is  known  as  the  blue  limestone  or  the  gray  limestone  ore.  Most  of 
the  furnaces  used  the  limonite  ore,  as  the  furnace  men  w^ere  unable 
to  produce  a  coarse-grained  foundry  iron  from  the  carbonates.     The 
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following  analyses  illustrate  the  character  of  both  the  limonitic  and 
the  sideritic  phases  of  the  limestone  ore : 

Analyses  of  limestone  ores  of  Kenova  quadrangle. 


Ferric  oxide  (FeaOs) '    57  J 

Iron  carbonate  (FeOOa) - 


Ahimlna  (AliOs) 6.017 

Manganese  oxide  (MnO) « .130 

Manffanese  carbonate  (MnOOs) 

Oalclmn  carbonate  (CaOOa) 150 

Macneslum  carbonate  (MgCOs) 758 

Phosphoric  anhydride  (P2O8) 057 

Snlphnric  anhydride  ( SO3) 106 

SOica   (SlOs)    and  insoluble  slll- 

catee Jl 2i-).4fi0 

Combined  water  (E2O) I    10.300 


!  100. 
MetaUic  Iron  (Fe) 40. 


51.802 
lO.fiM 
4.523 


Trace. 

7.480 

.440 

.570 


15.730 
8.772 


71.680 


4.155 
.090 


.880 
.060 
.064 
.270 

12.660 
10.800 


518 
285 


100.000 
41.357 


100.159 
60.176 


60.206 


1.044 
Trace. 


.285 
.381 
.161 
.852 


None. 

62.002 

2.900 

Not  est. 

.553 

6.880 

2.243 

.149 

.302 


25.930  '      22.660 
*11.141    


100.000 
42.144 


97.689 


65.396 

None. 

3.484 

Not  eet. 

»1,988 
.441 


10.480 
9.846 


100.000 
45.776 


81.644 
30.708 
1.779 


.000 
2.730 
.141 
.421 
.491 

25.430 
6.628 

100.000 
86.627 


*  Brown  oxide  of  manganese. 


*  Magnesia. 


^\nd  loss. 


1.  So-called  slate  ore,  occupying  the  place  of  the  limestone  ore.  from  ridge  between 
Cane  Creek  and  Wilson  Creek.  Hunneweli  furnace.  Kentucky  Geol.  Survey,  vol.  A,  pt.  1, 
p.  114.     Robert  Peter  and  J.  H.  Talbutt.  analystH. 

2.  Limestone  ore  from  Hoods  Creek  near  Bellefont  furnace.     Idem,  p.  20. 

3.  Limestone  ore  from  the  Graham  bank,  near  Willard,  Carter  County.  Average 
sample  from  the  stock  pile.     Idem.  p.  55. 

4.  Limestone  ore  from  Brush  Creek,  Pennsylvania  furnace.     Idem,  p.  114. 

5.  Gray  limestone  ore,  from  J.  P.  Jones's  drift  near  Ashland.  Selected  from  the  in- 
terior of  the  bank.     Idem.  p.  37. 

6.  Same  as  No.  5,  but  from  exterior  portion  of  the  bank.  Analyses  5  and  G  show  well 
tbe  changes  which  occur  whr^n  the  original  ore  is  exposed  to  the  atmosphere  and  surface 
waters. 

7.  Gray  limestone  ore  from  Mount  Savage  furnace.  Carter  County.     Idem,  p.  51. 
Analyses  1  to  4  and  6  represent  limonites ;  5  and  7  carbonates. 

The  analyses  gixen  above  will  also  be  found  in  P.  X.  Moore's  report 
on  the  iron  ores  of  Boyd,  Greenup,  and  Carter  counties."  The  sam- 
ples were  collected  by  Mr.  Moore. 

The  following  table  shows  more  concisely  the  amounts  of  metallic 
iron,  sulphur,  and  phosphorus  in  both  varieties  of  ore  at  the  prin- 
cipal limestone  ore  horizons : 

Average  iron,  sulphur,  and  phosphorus  content  in  litnestonv  ores. 


1 

(>>nstltuent. 

1 

.       Metallic  Iron _..     . 

'      Sulphur 

--    Phosphorus _ 

(Metallic  iron _. 

--  jSulphur 

[Phosphorus 

Limonites. 

.\naly.ses 
Percent,      aver- 
aged. 

4.3. -If)  4 
.132  4 
.090  ,                 4 

47.79  1  7 
.089  ;               2 

Siderites. 

Name  of  ore. 

Vauport  (•*  Hanging  Rork  ' 
limestone  ore 

Maxville  limestone  ore 

(Analyses 
Percent.!     avcr- 
(     aged. 

30.61  2 
.16  2 
.174                    2 

.35.05  4 
.81  3 
.20                     4 

The  amoimts  of  ferric  oxide  and  iron  carbonate  in  the  analyses  at 
the  top  of  this  page  show  the  fundamental  difference  between  the  oxi- 
dized and  unoxidized   ores.     The  amount  of  metallic  iron  in  the 
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limonites  ranges  in  general  from  40  to  50  per  cent,  rarely  going 
above  or  below  these  limits.  In  the  unaltered  ores  the  metallic  con- 
tent is  much  lower,  ranging  from  25  to  40  per  cent.  The  remaining 
constituents  are  variable,  but  silica  and  insoluble  silicates  are  high. 
Sulphur  is  low,  except  in  analysis  No.  4;  phosphorus  is  in  general 
high.     The  last  table  also  indicates  these  facts. 

MAXVITXE   LIMESTONE    ORE. 

Geologic  position, — The  lower  of  the  important  limestone  ores 
rests  directly  upon  the  Maxville  limestone,  as  shown  by  the  section 
obtained  at  Olive  Hill,  Carter  County  (pp.  118-119). 

Extent. — The  limestone  itself  is  above  drainage  level  in  the  val- 
leys of  Everman  Creek,  North  Fork  of  Oldtown  Creek,  and  Tygarts 
Creek,  in  the  northwest  corner  of  the  quadrangle.  It  is  of  very 
scant  extent  in  this  area,  but  to  the  west  and  nothwest  its  outcrop 
is  generally  above  drainage  level.  The  red  line  on  the  map  (PL  I), 
representing  the  fire  clay  lying  above  the  limestone,  may  be  taken 
also  to  represent  the  top  of  the  Maxville  limestone  and  its  overlying 
ore,  where  the  latter  is  present. 

Character. — Where  exposed  on  Everman  Creek  the  limestone  is 
from  20  to  25  feet  thick.  West  of  the  area  it  is  much  thicker,  locally 
reaching  100  feet  and  more,  but  in  some  places  it  is  entirely  wanting. 
Many  of  the  deeper  wells  drilled  for  oil  and  gas  have  penetrated  this 
limestone  and  proved  it  to  l)o  very  thick  and  ♦renerally  persistent  over 
all  this  area.  Sections  of  these  deep  wells  are  given  on  PI.  Y\,  The 
limestone  is  the  usual  brifrht-^rray  variety,  and  has  been  burned  and 
used  for  fertilizer,  for  which  purpose  there  seems  to  be  an  ample 
supi)ly.  It  is  not  improbable  that  it  may  also  prove  suitable  for  the 
manufacture  of  Portland  cement. 

The  iron  ore  overlyin*;  this  limestone  is  erratic  in  occurrence  and 
thickness,  and  in  these  respects  is  like  the  ore  associated  with  the 
Vani)ort  {""  Hanging  Kock  ")  limestone.  In  quality  it  is  comparable 
with  that  ore.  and  its  content  of  metallic  iron  in  its  altered  and  unal- 
tered phases  is  similar  to  that  of  the  higher  ore.  It  is  apt  to  be  more 
siliceous  than  the  Vanport  ore  and  in  many  places  contains  too  much 
sul])liur.  On  the  whole  it  has  proved  to  he  one  of  the  most  valuable 
ores  in  this  part  of  Kentucky. 

OKKilN    OK    T-IMKSTONK    ORES. 

An  extended  description  of  the  origin  of  the  limestone  ores  is 
hardly  a])j)roj)riate  in  this  bulletin.  For  those  interested  in  the  theo- 
retical side  of  the  subject  Moore's  description  "  will  l)e  found  most 
interest inij:  s^i^l  suirircstive.     As  a  result  of  studies  made  bv  the  writer 
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in  the  course  of  mapping  this  region  in  the  summer  of  1905,  certain 
conclusions  were  reached  which  are  summarized  in  an  article  in 
Economic  Geology." 

BLOCK   0RE8. 

Geologic  position. — Most  of  the  block  ores  are  found  in  the  Potts- 
ville  formatioa  and  in  the  lower  part  of  the  Allegheny  formation. 
They  have  been  separated  by  Moore  into  two  groups  with  reference 
to  their  stratigraphic  position — the  upper  block  ores  and  the  lower 
block  ores.  The  former  occupy  the  interval  from  90  feet  below  the 
Vanport  limestone  to  about  oO  feet  above  it,  and  the  lower  block  ores 
are  confined  to  the  lower  125  feet  of  the  Pottsville.  The  skeleton 
section  (fig.  20,  p.  123)  shows  their  relative  positions. 

Extent, — The  area  in  which  the  block  ores  occur  is  along  the  west- 
em  and  southern  edges  of  the  quadrangle,  chiefly  west  and  south  of 
the  line  of  outcrop  of  the  Vanport  limestone.  The  lower  block  ores 
are  mostly  confined  to  the  territory  west  of  Little  Sandy  River,  but 
the  area  occupied  by  them  in  this  section  of  the  quadrangle  is  a  small 
part  of  their  extent  in  this  portion  of  the  State.  The  upper  block 
ores  are  more  widely  distributed  in  this  particular  area,  their  bound- 
ary extending  to  the  east  beyond  that  of  the  lower  block  ores  and 
the  Vanport  limestone. 

Character. — Like  the  limestone  ores,  the  block  ores  occur  both  in 
the  oxidized  condition  and  as  unaltered  carbonates.  They  are  char- 
acterized by  being  more  j^ei'sistent  than  the  limestone  ores  and  by 
more  uniform  thickness  in  individual  beds,  but  they  vary  greatly  in 
thickness  and  quality  among  themselves.  Their  most  common  im- 
purity is  sand.  They  are  leaner  ores,  as  a  rule,  than  the  limestone 
ores,  and  the  lower  block  ores  are  inferior  to  the  higher  block  ores. 
Their  richness  in  iron  apparently  bears  an  inverse  relation  to  their 
thickness,  for  it  has  been  commonly  observed  that  the  leanest  ores 
are  the  thickest,  and  vice  versa.  The  following  table  shows  their 
content  in  metallic  iron,  sulphur,  and  phosphorus: 

Averagv  iron,  nulphur,  ami  phonphonis  content  in   block  ores. 


Liinonites. 

Kind  of  ore.  Constltiiont.  '  .^alyses 

Percent.      aver- 


SIderltes. 


;  Analyses 
Per  cent. '     aver- 


agrwl. 


1 1  Metallic  Iron 4:i.«.')  12  34.42    ;  4 

Upper  block  ores.- .   ...•{Sulphur .20t  lO           .444  4 

ilPliogphonw .-_.           .ir»l  10            .229  .  4 

Metnlllc  iron- Xi.48  10  29.74    \  4 

Lower  block  ores {Sulphur 137  9           .068  4 

iPho.Mphorua ..           .238  9            .159  4 

I [ 

•  Pbalen,  W.  C,  Origin  and  occurrence  of  certain  Iron  ores  of  northeastern  Kentucky: 
Economic  Geology,  vol.  1.  No.  7,  1906.  pp.  0<K)-609. 


128  ECONOMIC   GEOLOGY   OF   KENOVA  QUADRANGLE. 

KIDNEY  0BE8. 

Geologic  position, — Most  of  the  kidney  ores  which  have  proved  of 
value  have  been  found  in  the  lower  part  of  the  Allegheny  formation. 
The  more  important  range  from  about  40  or  60  feet  to  100  feet  above 
the  Vanport  limestone.  In  this  interval  there  are  from  three  to  six 
beds  of  kidney  ore  of  local  importance.  The  lower  of  the  more  impor- 
tant ores  has  been  called  the  yellow  kidney  ore.  It  lies  about  midway 
between  the  Winslow  coal  and  the  Coalton  coal.  Since  most  of  the 
oxidized  kidney  ore  has  a  yellow  color,  due  to  limonite,  this  name 
is  not  distinctive,  but  it  has  been  commonly  applied  to  the  ore  at 
this  particular  horizon.  About  50  feet  above  the  yellow  kidney  ore 
and  25  to  30  feet  above  the  Coalton  coal  is  another  horizon  of  fairly 
persistent  kidney  ore  called  the  red  kidney  ore,  from  the  prevailing 
color  of  the  weathered  material.  Other  kidney  ores  occur  in  the  Alle- 
gheny formation  above  the  red  kidney,  but  they  are  not  so  important 
as  the  two  just  mentioned. 

Extent, — The  western  and  southern  boundaries  of  the  kidney  ores 
coincide  roughly  with  the  line  representing  the  outcrop  of  the  Van- 
port  limestone  and  clay.  Beyond  this  boundary,  to  the  south  and 
west,  these  ores  are  of  minor  importance.  Within  the  arc  formed 
by  the  outcropping  Vanport  limestone  and  clay  these  ores  will  l)e 
found  in  a  zone  of  a  mile  or  more  in  width.  They  occur  in  the  hills 
along  Ohio  Rivor  and  generally  over  the  northern  part  of  Boyd 
County,  wheie  thev  have  been  extensively  benched.  They  are  found 
in  Carter  County  near  AA'illard  and  also  in  the  region  between  Little 
Sandy  Kiver  and  East  Fork.  In  Lawrence  County,  as  a  rule,  they 
have  Ix^en  very  little  explored. 

Character, — The  name  of  these  ores  is  very  suggestive  of  their 
|)hysical  appearance.  Though  occurring  at  perfectly  distinct  geo- 
logic levels,  they  do  not  form  continuous  beds  or  layers  of  ore.  but 
are  scattered  through  zones  from  3  to  C  feet  thick.  Like  the  lime- 
stone and  block  ores  they  are  found  in  all  stages  of  transition  from 
the  pure  carbonate  ore,  unaltered  by  atmospheric  influences,  to  prac- 
tically pure  linionite  on  the  outcroj).  Their  origin  seems  to  be  fairly 
obvious.  It  is  (|nite  jnobable  that  they  have  originated  in  nuich  the 
same  way  as  limestone  and  other  concretions — that  is,  by  the  gradual 
accretion  of  ferrous  carbonate  from  the  surrounding  beds.  This 
segregation  has  |)robably  been  chiefly  lateral,  for  otherwise  the  deli- 
niteness  of  geologic  level,  which  is  so  common,  would  hardly  persist, 
and  the  kidneys  would  be  scattered  throughout  the  shale  and  sand- 
stones. The  fact  that  the  nodules  coalesce  into  peculiar  shapes 
strongly  suggests  such  origin.  Furthermore,  the  beds  whence  the 
nodules  nuist  have  derived  their  ferruginous  matter  must  have  lx?eii 
rich  in  iron.     These  beds  thus  represent  a  period  of  deposition  of 
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highly  ferruginous  sediments.  Analyses  of  five  samples  of  oxidized 
kidney  ore  collected  in  this  region  give  the  following  averages: 
Metallic  iron,  43.372 ;  sulphur,  0.049 ;  phosphorus,  0.16C.  These  fig- 
ures show  that  these  ores  are  comparable  with  the  limonite  phases 
of  the  limestone  and  block  ores. 


BLACK-BAND  ORES. 

The  term  black-band  ores  is  applied  to  beds  of  carbonate  of  iron 
with  more  or  less  bituminous  and  earthy  matter  associated.  A  nota- 
ble occurrence  of  this  ore  is  on  the  property  of  the  Torchlight  Coal 
Company  on  I^visa  Fork,  in  Lawrence  County.  The  deposit  lies 
about  15  feet  below  coal  No.  4  and  is  from  8  to  12  feet  thick,  con- 
sisting of  layers  of  black  or  carbonaceous  siderite,  from  1  inch  to 
3  inches  thick,  alternating  with  thin  layers  of  bituminous  shale. 
The  ore,  which  carries  55.12  per  cent  of  iron  carbonate,  compares 
favorably  with  the  Scotch  black-band  ores.  An  analysis  of  the  ore 
from  this  locality  follows,  together  with  analyses  of  a  similar  ore 
from  Perry  County,  Ohio,  and  of  one  from  Scotland.  These  were 
kindly  furnished  by  Col.  Jay  H.  Xorthup,  of  Louisa. 


AnKilyavs  of  blavk-bana  orets. 


■  Threemllo 
Oreek,     I 
I  Kentucky.! 


Perry 

County , 

Ohio. 


Scotch 
black 
band. 


Iron  carbonate  (FcCOs).. 

Ferrous  oxide  (FeO) 

Ferric  oxide  (FesOa) 

Manganese  oxide  (MnO). 

Ahimlna  (AltO$) 

Lfane  (CaO) 

Magnesia  (MgO) 

Carbon  dioxide  (CO2)— . 
Pliospboric  acid  (P2O5K. 
Sulphide  of  iron  (FeS-).. 

Water  (H2O) 

Organic  matter 

Insoluble  residue 


I 


55.12 


9.12 
2.90 
3.26 
6.12 
1.92 


Trace. 

.78 


10.25 
9.18 


4J.tf/ 

4.10 

36.60 

1.50 

2.70 

6.05 

.2D 

3.00 

3.24 

.25 

1.92 

30.50 

19.00 

Trace. 

1.56 

1.03 

.58 

.84 

6.25 

18.02 

2.80 

9.91 

Metallic  iron. 


98.65  I 
36.96 


99.9»i 
36.49 


94.23 
25.63 


SUMXART. 

The  ores  of  this  part  of  Kentucky  practically  ceased  to  count  as 
sources  of  iron  some  time  ago.  In  spite  of  this  fact  it  has  been 
thought  advisable  to  give  a  brief  outline  of  their  geolog\'  and  occur- 
rence. Though  they  have  little  value  at  present,  they  nia^  be  more 
important  in  the  future.  AVhen  the  various  ore  beds  wei:*  worked, 
the  oxidized  material  at  or  near  the  outcrop  was  sought  lor,  as  the 
furnace  managers  were  professedly  unable  to  work  the  blue  or  gray 
carbonate  and  produce  the  desired  coarse-grained  foundry  iron.  The 
oxidized  ore  was  obtained  by  benching  or  stripping,  a  process  >vhich, 
47008—08 0 
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though  economical  for  ore  occurring  at  the  outcrop,  could  not  be 
carried  into  the  hills  for  any  distance,  and  thus  but  an  insignificant 
percentage  of  the  ore  bodies  has  been  removed  from  the  hills.  The 
remaining  ore  is  largely  iron  carbonate.  It  is  very  likely  that  when 
the  cheaper  ores  now  on  the  market  become  scarce  and  prices  ad- 
vance the  higher  grades  of  these  ores  will  be  worked.  To  reach 
satisfactory  results  the  mining  methods  employed  must  be  studied 
most  carefully,  but  the  fact  that  similar  thin  beds  of  iron  ore  have 
been  successfully  worked  in  Europe  is  significant. 

LIMESTONES. 

Brief  descriptions  have  been  given  of  two  limestones,  the  Vanport 
("  Hanging  Rock  ")  limestone  near  the  base  of  the  AUe^eny  forma- 
tion and  the  Maxville  limestone  underlying  the  Pottsville.  The 
Conemaugh  contains  higher  beds  of  limestone,  a  few  of  which  are 
persistent  and  are  hence  of  value  in  unraveling  the  stratigraphy. 
Some  of  these  beds  are  also  of  local  economic  importance. 

The  lowest  limestone  in  the  Conemaugh  is  the  most  persistent  of 
all.  It  usually  lies  very  near  the  top  of  the  Mahoning  sandstone,  or, 
rather,  the  group  of  sandstone  lying  at  the  base  of  the  Conemaugh 
formation.  It  is  very  widespread,  but  not  everywhere  a  typical  lime- 
stone in  its  development.  Alon^  Big  Sandy  River  it  may  be  traced 
rather  continuously  from  the  mouth  of  Dock  Creek  to  Roundbottom. 
At  some  points  alon^r  this  stretch  it  is  a  calcareous  sandstone  4  to  5 
feet  thick,  containing  abundant  crinoid  stems  and  other  fossils. 
About  one-ei<rhth  of  a  mile  below  Lock  wood  on  the  Kentucky  side  it 
has  much  the  same  character,  hut  here  it  is  weathered  and  dark  in 
appearance  and  crumbles  easily  under  the  hammer.  In  the  hills 
back  of  Cassville  it  is  a  fossil  if  erous  shale  and  is  closely  underlain 
by  a  thin  bed  of  coal,  called  the  Mason  coal  by  I.  C.  White,**  Jind 
probal)ly  correlatin^i:  closely  with  the  Brusli  Creek  coal  of  western 
Pennsylvania.  Throufrbout  the  southern  part  of  Boyd  County  it 
is  very  persistent,  but  much  of  it  is  too  sandy  to  burn  for  fertilizer. 
In  the  hills  east  and  west  of  Willard  and  on  most  of  the  streams 
flowinor  into  Little  Fork  from  the  east  it  is  4  to  5  feet  thick.  In  this 
region  it  is  siliceous  and  does  not  react  with  acid  on  the  weathered 
snrfac(\  ])ut  on  bein^  broken  it  is  found  to  contain  much  lime.  At 
Willard  it  occurs  ISO  feet  above  the  Coalton  coal  and  about  230  feet 
above  the  \^inpoi-t  limestone.  When  burned  this  limestone  will 
probably  yield  a  fairly  satisfactory  fertilizer.  This  limestone  is 
probably  the  representative  of  one  of  the  Cambridge  limestones  of 
the  r)hio  (leological  Survey.     The  horizon  is  in  many  places  ehar- 

°  West  Virginia  Geol.  Survey,  vol.  2,  1903,  p.  280. 
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acterized  by  two  calcareous  beds  lying  a  small  distance  from  one 
another,  as  indicated  in  the  following  section : 

Section  of  Cambridge  limestone  1  mile  west  of  Potomac  on  Whites  Creek, 

Ck)nceale<l.  Ft.  in. 

Sandstone,  fossillferous 4 

Shale 14 

Limestone,  criuoidal 6 

Shale,  blue 1 

A  short  distance  away,  near  the  residence  of  J.  L.  Bowling,  the 
following  section  was  measured : 

Section  of  limestone  near  residence  of  J.  L.  Bowling,  west  of  Potomac,  Kg, 

Feet. 

Sandstone,  massive 30 

Concealed 15 

Sandstone,  laminated 2 

Concealed 23 

Sandstone,  fossillferous 4 

Shale 23 

Limestone 1 

Shale ^ 5 

The  fossiliferous  sandstone  and  the  limestone  lying  from  14  to  23 
feet  below  may  represent  the  upper  and  lower  Cambridge  limestones 
of  Ohio. 

About  80  to  100  feet  above  the  Cambridge  limestone  is  another 
limestone,  also  largely  siliceous,  which  probably  corresponds  to  the 
Ames  of  the  Ohio  and  Pennsylvania  surveys.  It  is  seen  at  many  places 
on  the  headwaters  of  East  Fork  of  Little  Sandy  and  is  rather  per- 
sistent in  the  hills  east  and  southeast  of  Cassville,  W.  Va:  In  the 
latter  region  much  of  it  is  characterized  by  calcareous  pebbles  on 
its  outcrop.  This  limestone  is  possibly  valuable  for  fertilizer  and 
may  repay  careful  prospecting.  Other  limestones  have  been  observed 
higher  in  the  Conemaugh  at  70  and  120  feet  above  the  Ames.  These 
higher  Conemaugh  limestones  are  generally  characterized  on  their 
outcrops  by  the  presence  of  a  few  limestone  pebbles.  Like  the  lower 
limestones,  they  may  prove  locally  valuable. 

BUILDING  STONE. 

The  only  rock  suitable  for  building  stone  in  this  area  is  sandstone, 
and  of  this  there  is  a  great  abundance.  As  a  rule  this  rock  will 
not  bear  the  cost  of  transportation,  but  as  a  local  building  stone  it 
has  proved  of  value  in  the  construction  of  culverts  for  the  railroads 
which  pass  through  the  area  and  also  in  the  construction  of  chimneys, 
fireplaces,  etc.,  all  through  the  country.  Some  of  this  sandstone  has 
also  been  used  in  the  construction  of  dwellings.    Very  little  of  it,  if 
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any,  can  be  cut  into  blocks  of  any  considerable  dimensions,  but  for 
rougher  purposes  it  serves  as  a  cheap  and  very  accessible  source  of 
supply. 

Most  of  the  sandstone  in  this  area  is  micaceous,  much  is  feldspathic, 
and  as  a  rule  it  contains  iron  oxide.  It  ranges  from  very  fine-grained 
to  conglomeratic,  in  which  few  of  the  quartz  pebbles  exceed  an  inch 
in  their  largest  dimension.  A  large  amount  of  this  sandstone  is 
friable,  disintegrating  readily  to  fine  sand.  Such  rock  was  used 
in  the  construction  of  a  residence  and  of  a  building  in  Ashland, 
and  so  far  as  known  proved  satisfactory.  It  would  appear,  there- 
fore, that  freshly  cut  blocks,  even  of  this  friable  sandstone,  season 
fairly  well  and  become  resistant. 

In  the  Conemaugh  formation  the  most  important  sandstone  lies 
at  its  base  and  is  known  as  the  Mahoning  sandstone.  This  sandstone 
is  well  exposed  along  Big  Sandy  River  near  its  mouth,  in  both  Ken- 
tucky and  West  Virginia.  Near  Kenova  it  appears  to  be  thick 
bedded  enough  to  supply  dimension  stone.  At  this  point,  besides 
being  very  massive,  it  is  very  coarse  grained  and  locally  conglom- 
eratic. Ijt  has  been  used  by  the  Norfolk  and  Western  Railway  in  this 
locality.  To  the  south,  up  Big  Sandy  River,  it  is  above  drainage 
level  nearly  to  the  mouth  of  Dock  Creek  in  West  Virginia  and  to 
Savage  in  Kentucky.  In  building  the  Norfolk  and  Western  Railway 
and  in  the  recent  changes  in  grading  the  Chesapeake  and  Oliio  Rail- 
way much  of  this  rock  has  been  used.  A  higher  sandstone  in  the 
Conemaugh  formation  has  been  quarried  for  local  purposes  on  Whites 
Creek,  near  Egypt.  The  Conemaugh  also  contains  other  sandstone 
beds  which,  though  suitable  for  local  purposes,  are  not  sufficiently 
valuable  to  export. 

Sandstone  from  the  Allegheny  formation  has  been  used  along 
Oliio  River  opposite  Ashland.  At  this  point  the  sandstone  above 
the  Coalton  coal  thickens  abnormall}-  and  has  been  quarried  by  the 
Norfolk  and  AVestern  Railway  for  use  along  its  line.  It  has  fur- 
nished much  rock  of  fair  dimensions. 

The  Pottsville  formation  contains  many  sandstones  of  consider- 
able thickness,  much  of  which  has  been  used  in  the  construction  of 
the  Norfolk  and  AVestern  Railway  along  Tug  Fork,  and  by  the 
Chesapeake  and  Ohio  Railway  on  I^visa  Fork.  The  IloniewocxJ 
or  upper  sandstone  member  of  this  formation  outcrops  near  Ashland 
and  occurs  as  a  very  massive  cliff  between  the  eastern  limits  of 
the  city  and  Cliffside  Park.  The  rock  has  been  used  with  very 
satisfactory  results  in  the  construction  of  dwellings.  Lower  sand- 
stones of  the  Pottsville  have  proved  locally  valuable. 
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GLASS  SAND. 

Some  of  the  sandstones  in  this  quadrangle  may  be  of  suflScient 
purity  to  furnish  raw  material  for  making  glass,  but  most  of  them 
appear  to  be  too  ferruginous  for  such  a  purpose.  Some  of  the  sand 
found  in  the  flood-plain  deposits  may,  when  washed,  also  prove  suit- 
able. A  deposit  of  the  latter  type  was  reported  on  the  property 
of  Samuel  Ferguson,  at  North  Kenova,  Ohio.  The  Mahoning  sand- 
stone and  the  Homewood  and  other  sandstones  in  the  Pottsville 
appear  to  be  of  sufficient  purity  in  places  for  glass  making,  but  no 
definite  statement  can  be  made  as  to  the  suitability  of  this  material 
at  any  particular  point.  The  Mahoning  near  Willard  and  the  Home- 
wood  near  Mount  Savage  may  repay  careful  prospecting  for  glass 
sand.  Before  pronouncing  on  the  fitness  of  sandstone  or  loose  sand 
for  glass  making  it  should  be  examined  microscopically  and  chemi- 
cal tests  should  be  made  to  determine  the  amount  of  iron,  which,  if 
present  in  too  large  quantities,  renders  the  glass  opaque.  Large 
amounts  of  aluminum  and  magnesia  also  have  a  deleterious  effect 
Better  than  either  of  these  tests  is  a  practical  test  of  the  material. 
It  should  be  remembered  also  that  some  sandstones,  though  naturally 
too  rich  in  iron  for  glass  making,  yield  after  crushing  and  washing 
a  suitable  raw  product. 

SALT. 

Many  years  ago  salt  was  obtained  from  wells  sunk  on  Big  Sandy 
River  near  Zelda.  The  old  salt  works  have  long  since  disappeared. 
South  of  Zelda,  near  Catalpa,  some  of  the  wells  drilled  for  oil  and 
gas  have  struck  salt  water,  which  is  still  running, 

METALLIC  ELEMENTS. 

Numerous  reports  reached  the  writer,  while  working  in  the  Kenova 
quadrangle,  regarding  discoveries  of  lead  and  other  metals.  Con- 
cretions containing  small  amounts  of  lead  and  zinc  sulphides  have 
been  seen.  It  may  be  safely  stated,  however,  that  in  this  area  the 
metallic  elements,  such  as  gold,  silver,  copper,  lead,  etc.,  occur  in 
such  small  quantities  that  time  and  money  spent  in  exploration  for 
them  will  meet  with  but  little  return. 

DIAMONDS. 

Diamonds  have  been  reported  as  having  been  found  in  Elliott 

>ounty,  in  the  peridotite  described  on  page  21.     The  name  of  kim- 

erlite  has  been  applied  to  this  rock  owing  to  its  resemblance  to  the 

iamondiferous  rock  of  South  Africa.     The  writer  can  not  substan- 

ite  these  reports.     The  peridotite  is,  however,  characterized  by  the 

esence  of  numerous  garnets  of  small  size.    None  of  gem  quality, 
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la  t]i«  piffH  deftlhii^  wilb  iJie  genenl  MmcigTBphT  of  ibe  fvrkios 
^diiCrirL^  mU»  whirJi  fli«*  fjuadmig^  hft.'i  been  diTideil,  brief  desnip- 
tkifto  liav«!  tiHeti  giv^n  uf  tin;  Aftncter  of  ibe  rtxk^  ^ppt^ring  mt  tb^ 
iurfiice^  A  kficrvrkdgit  of  nrickii  lower  thAo  tii<se  b^  been  obtaitied 
frmn  tbi*  d^'ji  welb  drilled  m  laearefa  of  oil  smd  ga^  Sriuni^  uf  tbe 
fi€tA  m  obljijoed  are  merely  .iup|>l€£aetiLarir  to  ibobe  ftlrsidj  knawm, 
but  mucb  of  ibe  mfurmBiion  is  entti^lj  new.  It  wiO  be  imder^oixl 
llwi  ibt  way  in  whicfa  mir  knowled^  of  these  underlying  rocks  b 
nbtaitiisi]  pro^uppOfft^M  fimny  factors  whicb  are  Euble  lo  lead  to  ermr 
ill  iitlefti|ilifig  t!lu«^  ooirelatiofiix.  Fir^,  a  division  of  ibese  lower 
rnckn  ifilo  well-reeognised  geokj^ic  unit^  i^  based  almo&t  solely  on 
Virinljorbf  in  phpfien)  dwnieter.  a  ^^tandard  wbieb  often  fails  en- 
tirely w  lierj  applied  to  ^urfaix  rodts.  Second^  the  determiaatioo  of 
litholoj^ie  distinctions  in  often  left  to  pe^rsonjs  incompetent  to  make 
■'■'■  '^'  'rif-ri':  f'iirf.  if  Ditaiiurerjif-nt?^  are  not  matlp  ^-ir^  the 
«teel  tape  other  errors  are  likely  to  creep  in.  On  the  other  hand, 
horizons  at  which,  from  a  general  knowledge  of  the  undergromid 
Ktratigraphy  of  a  given  district,  oil  and  gas  are  considered  liable  to 
occur  are  usually  expected  by  the  driller,  and  hence  the  position  of 
their  tops  and  bases  is  generally  detected  within  very  close  limits. 

CABBOHIFEBOUa  8T8TEH. 

PENN8TLVANIAN    BERIES. 

The  base  of  the  Pennsylvanian  series,  resting  on  the  top  of  the 
Mttxville  limestone,  has  been  chosen  as  a  datum  plane  in  arranging 
the  deep- well  records  (PL  VI).  The  Maxville  limestone  is  present  in 
all  (he  si'ctions  except  one  shown  by  a  well  (No.  9,  PL  VI)  drilled 
near  tlie  mouth  of  Blaine  Creek,  and  serves  as  a  convenient  guide 
from  which  to  reckon.  The  complete  absence  of  this  limestone  in  the 
Blaine  Creek  record  is  not  easily  explained,  since  the  Horseford 
(Jroek  well  (No.  10),  a  mile  and  a  half  away,  shows  the  limestone  140 
feet  thick.  The  limestone  is  probably  present  in  the  Blaine  Creek 
well,  but  was  called  sandstone. 

Hie  well  showing  the  greatest  thickness  of  Pennsylvanian  or  coal- 
bearing  rocks  is  the  Horseford  Creek  well  (No.  10),  in  which  more 
"ban  1,000  feet  of  these  rocks  is  represented.    The  explanation  is  that 

e  well  was  started  in  Conemaugh  rocks  well  up  in  this  series.    The 
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prevailmgly  sandy  character  of  the  lower  part  of  the  Pennsylvanian 
rocks  is  apparent.  The  line  which  has  been  drawn  at  the  top  of  the 
lower  sandstones  of  this  series  is  not  the  top  of  the  Pottsville,  since 
from  surface  observations  it  is  known  that  the  Pottsville  must  be 
thicker  than  the  intervals  included  between  this  line  and  the  top  of 
the  Maxville  limestone,  as  in  the  Shope  Creek  well,  Summit  well, 
Catletts  Creek  well,  and  others.  This  lower  group  of  sandstones  con- 
tains salt  water  and  gas,  and  this  fact  has  helped  to  determine  the 
position  of  the  correlation  line  at  its  top.  It  is  probable  that  in  sev- 
eral of  the  sections  this  lower  group  of  sandstones  may  correspond  to 
the  Sharon  conglomerate,  which  is  known  to  consist  of  two  members, 
as  on  Everman  Creek,  Carter  County.  The  well  sliowing  the  greatest 
thickness  of  Pottsville  rocks  is  the  Griffith  Creek  well  (No.  19),  which 
starts  in  rocks  of  this  formation  and  reaches  the  Maxville  limestone 
at  a  depth  of  775  feet.  In  the  southeastern  pait  of  the  area,  therefore, 
the  Pottsville  rocks  are  very  nearly  1,400  feet  thick,  as  compared  with 
a  thickness  of  350  to  400  feet  in  the  northwestern  and  western  parts. 
The  first  figure,  1,400,  added  to  the  average  thickness  of  Allegheny, 
Conemaugh,  and  higher  rocks,  makes  the  Pennsylvanian  series  in  the 
Kenova  quadrangle,  in  round  numbers,  about  2,000  feet  thick.  In 
certain  sections  the  highest  limestone  plotted  has  not  been  regarded 
as  the  Maxville.  In  doing  this  each  case  had  to  be  considered  on  its 
own  merits  in  connection  with  the  known  surface  geology  of  the  im- 
mediate locality.  At  some  points  where  limestone  is  shown  on  the 
surface  on  the  plotted  record,  it  is  probable  that  sandstone  has  been 
designated  as  a  limestone  or  lime  by  the  driller. 

MISSISSIPPI  AN    SERIES. 

The  Mississippian  series  includes  the  rocks  from  the  top  of  the 
Maxville  limestone  to  the  base  of  the  Bedford  shale;  no  record  shows 
the  presence  of  red  shale  above  the  top  of  the  Maxville.  The  series 
comprises  the  Maxville  limestone  and  the  Waverly  group,  in  which 
is  included  at  the  base  the  Sunbury  shale,  Berea  sandstone,  and  Bed- 
ford shale. 

The  Maxville  limestone  shows  in  all  the  sections  except  that  of  the 
Blaine  Creek  well  (No.  9).  It  ranges  in  thickness  from  GO  feet  in 
the  Summit  well  (No.  3)  to  345  feet  in  the  Alum  City  Oil  Company's 
Straight  Creek  well  (No.  G)  and  the  A.  M.  Ilolbrook  well  (No.  18). 
The  latter  thickness  seems  excessive,  for  near  both  the  Straight  Creek 
well  and  the  Holbrook  well  other  records  show  a  thickness  of  109 
and  152  feet  for  this  limestone.  The  fact  that  tlie  unusual  thickness 
of  limestone  is  accompanied  by  a  marked  thinning  of  tlie  underlying 
Waverly  in  both  records  is  indirect  evidence  that  the  thickness  of  the 
limestone  has  been  overestimated.  The  Richardson  well  (No.  5) 
shows  the  next  lower  measurement — about  270  feet.  But  this,  too,  may 
be  excessive,  for  the  Catletts  Creek  well,  not  over  3  miles  away,  shows 
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onlj  80  feet  of  lime^^tone-  The  limestone  shows  great  variation  and 
no  tendency  to  thicken  regularly  in  any  part  of  the  areii,  ^Mi ether 
or  not  this  is  due  to  an  unconformity  at  its  top  can  not  be  stilted,  but 
it  h  kuown  that  an  unconformity  exists  between  the  MisstRsippian 
and  Pennsylvanian  ^series  in  Pennsylvania  and  West  Virginia,  The 
]Vlax\'ille  limestone  is  the  "Big  lime''  of  the  Pennsylvania  drillers 
and  cori^sponds  to  the  Greenbrier  of  West  Virginia. 

The  Waverly  gi*oup  incbidess  the  Mi^sissippian  rocks  below  the 
Maxville  limestone  and  above  the  Devonian  shale.  At  the  top  of  this  1 
group,  in  the  wells  studied  in  the  northern  part  of  tin?  quadrangle,  a 
persislent  sandit^tone  is  present.  It  is  in  places  overlain  by  a  shale 
bed  that  is  usually  thin,  but  is  40  feet  thic^  in  the  Joshua  Kelly  ivell 
{Ko.  IK  At  Straight  Creek  and  on  Gluncy  Fork  no  sandstone  ap- 
pears in  this  position,  Imt  the  llorseford  Creek  well  (No.  10)  sliows 
95  feet.  In  the  Blaine  Creek  section  370  feet  of  white  sandstone  and 
conglomerate  are  represented  in  this  part  of  the  section,  and  without 
doubt  part  uf  this  thickness  is  the  upper  sandstone  of  the  Waverly. 
In  the  wells  ia  the  southern  part  of  the  quadrangle  it  is  usually 
absent,  except  in  the  Jason  Boggs  well  (No.  11),  where  the  sandstone 
in  this  [KiHition  measures  345  feet,  with  the  underlying  shales  only 
75  feet  thick.  This  interpretation  of  the  lithologic  character  of  the 
rocks  i^  open  to  soiiu*  question,  i\<  the  slinio  Im^Idw  the  sandstone  is 
everywhere  much  thicker  than  the  sandstone  itself.  In  a  carefully 
kept  record  of  the  Guffey  well,  north  of  Grayson,  no  typical  sand- 
stone is  reported  from  this  position.  The  complete  record  of  the 
well,  which  seems  to  be  the  only  one  known  in  this  particular  part  of 
the  quadrangle,  is  given  to  show  the  character  of  the  underlying 
formations  in  this  part  of  Carter  County .« 

Log  of  Quffey  well,  just  north  of  Orayson,  Carter  County,  Ky.^ 


Oarbonlferom: 

Quicksand - _. — . 

Slate,  black 

Sandstone 

Slate,  black 

Limestone,  Maxville- 

Shale,  dark  green,  sandy— _ 

Slate,  light  gray,  and  sand  shells 

Sandstone  and  shaie.. - 

Sandstone,  slate,  and  shells 

Slate,  black  (Sunbury  shale) 

Sand,  Berea  (oil  and  gas) ._ 

Slate,  gray  (Bedford) 

Slate,  red  (Bedford) _ i 

Devonian  shale: 

Slate,  black 

Slate,  white _ 

Slate,  black 

Slate,  white 

Slate,  black 

Slate,  white- ._ 

Limestone  (oil  and  gas)  (*'  Oorniferous  ") - — 

Silurian: 

Limestones,  fine  and  coarse;  strong  flow  of  salt  water  at  1,475  feet.. 


Thick- 
ness. 


Feet. 

28 

ao 

12 

10 

20 

290 

270 

50 

86 

22 

112 

25 

6 

116 
5 

160 
20 
95 

lis 

2 
55 


D^th. 


Feet. 

28 

58 

70 

•  80 

100 

380 

600 

650 

7S5 

757 

8fi9 

894 

900 

1.016 

i.oei 

1.190 
1.210 
1.305 
1.428 
1.425 

1.480 


•  Oil  and  gas :  Kentucky  Geol.  Survey,  Bull.  No.  1,  1005,  p.  74. 
*The  geologic  units  were  Identified  by  J.  B.  Hoeing. 
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1  Utile  Smdf  Oil  Oa,  Joshu 
EucM,  Qreenup  Ca 

2  Cimon  weM,  Qeoige  fvm, 
Boyd  County 

3  Summil  vvel,  Summtt,  Bof 

4  Oriletts  Creek,  2  miles  WW 

5  Rchsfttoon  fann  wed,  west 
Svidy  River,  Ui  miles  south 
(Longabeugh  wen) 

6  Akim  Gty  01  Coi,  Straigtit  < 

7  New  Domain  Oa  wkJ  Qes  < 
Carter  County 

8  New  Domain  01  and  Qas  < 
farm,  Qiancy  Fork,  Carter  C 
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In  the  record  of  the  deep  well  near  Central  City,  W.  Va.,  the 
sandstone  appears  with  a  thickness  of  177  feet,  showing  its  continua- 
tion to  the  east  of  this  quadrangle.® 

Section  of  well  on  Fourpole  Creek  near  Central  City,  W,  Fa.« 


Thick- 
Dees. 


Depth. 


Carboniferous: 

Conductor— _ 

Shale  and  lime  (sand?) _ 

Lime ___ 

Slato  and  Are  clay 

Sandstone _ _ 

Shale - 

Sandstone 

Slate,  black _ 

Sand,  grray 

Slate,  black _ _ 

Sandstone _ _ „ 

Slate,  white  and  blue 

Sand  and  lime .__ 

siat^ : 

Slate,  black _ _ 

Sandstone,  gray 

Slate,  black  and  blue _ 

Shale  and  lime. 

Sandstone _ _ 

.    Slate,  black _ 

Limestone. 

Slate,  black _ 

Limestone  (Maxville) _. 

Slateu - _ 

Sand,  gray  (Big  Injun). ._ 

Shale,  black 

Limestone,  hard - 

Slate,  brown ^. 

Sandstone _ 

Slate,  black _ 

Sand  and  lime 

Slate. - 

Shale,  black 

Sand,  black  (Berea) 

Devonian: 

Slate - 

Slate,  white 

Lime  and  shale w.— 

Slate,  black _ 

Slate,  brown 

Sand  and  shale _. , 

Slate,  black  and  blue 

Sand,  black 

Slate,  black 

Sand,  white- 

Slate,  various  colors 

Sandstone. -. 

Limestone  (part  of  this  limestone  may  be  upijer  Silurian). 


Peet. 


9i 
7 

96 

25 

50 

SO 

10 

60 

10 

85 

26 

20 

20 
176 

26 

76 

80 

30 

40 
5 

80 
160 

28 
177 
870 

10 

25 

25 

10 

23 
6 

20 

97 

24 

100  I 
9  I 
211  I 
55  I 
45 
SO 
30- 
5  I 

325 

215 


Feet. 
26 
120 
127 
225 
260 
800 
330 
340 
400 
410 
4d5 
620 
540 
660 
735 
760 

sao 

866 

8ft'> 

986 

940 

970 

1.120 

1.148 

1.825 

1,695 

1.7a> 

1,730 

1,755 

1.765 

1.788 

1.7M 

1.814 

1,911 

1,986 
2.065 
2.044 
2.255 
2.310 
2.355 
2.885 
2.415 
2,420 
2.426 
2,750 
2,755 
2.970 


■This  well  was  drilled   in   1898.     The   record  was  furnished  by  Thomas   W.   Harvey, 
owner. 


The  meager  data  available  in  this  area  as  a  whole  indicate  a 
tendency  in  this  sandstone  to  die  out  to  the  south.  It  is  the  Bur- 
goon  ("  Big  Injun  ")  sandstone  of  the  Pennsylvania  drillers,  and 
probably  represents  the  "  Big  Injun  group  "  of  the  Kentucky  Geo- 
logical Survey  and  the  Logan  formation  of  the  Ohio  Survey.  The 
thickness  of  the  sandstone  and  shale  ranges  from  70  to  370  feet. 

The  underlying  shales  of  the  Waverly  are  from  370  to  470  feet 
thick  across  the  northern  part  of  the  quadrangle,  from  west  to  east. 

•  Campbell,  M.  U..  Description  of  the  Huntint^on  quadrangle :  Geologic  Atlas  U.  S., 
foUo  69,  U.  S.  Geol.  Survey,  1900,  p.  3. 
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In  the  wells  in  the  central  part  of  the  quadrangle,  except  the  Alum 
City  Oil  Company's  well  at  Straight  Creek  (No.  6,  PL  VI),  the 
thickness  is  rather  uniform,  ranging  from  375  to  440  feet.  It  is 
fairly  uniform  also  along  the  southern  edge  of  the  quadrangle,  most 
of  the  wells  showing  about  400  feet.  In  most  of  the  records  the 
rocks  are  described  as  sand  and  shale,  the  latter  usually  light  or  gray 
in  color,  but  in  places  dark  or  black.  Local  limestone  layers  are  also 
recorded. 

The  Sun  bury  shale  and  Berca  sandstone,  near  the  base  of  the 
Mississippian  series,  consist  of  oil-  and  gas-bearing  shale  and  sand- 
stone from  60  to  200  feet  thick.  In  the  northern  part  of  the  quad- 
rangle as  a  wfjole  the  Mississippian  series  averages  very  nearly  700 
feet  in  thickne^,  but  it  shows  a  tendency  to  grow  thinner  toward 
the  south. 

BSTONUN  SYSTEM. 

The  records  show,  below  the  shales  and  sandstones  at  the  base  of  the 
Mississippian  series,  a  considerable  body  of  shale,  more  or  less  cal- 
careous, in  the  midst  of  which  occurs  a  gas-  or  oil-bearing  f^and, 
probably  the  Ragland  sand  of  tJie  Kentucky  drillers.  In  some  wells 
this  wand  is  underlain  by  a  few  hundred  feet  of  black  shale  (Ohio 
shale)  J  but  in  others  the  underlying  roc^ks  are  more  or  less  calcareous 
in  part.  It  is  probable  that  in  the  wells  drilled  in  the  southern  part 
of  the  area  (Nos.  11  to  19)  Silurian  limestones  have  been  reached. 
They  may  also  be  reached  in  some  of  the  wells  near  the  northern  edge 
of  the  quadrangle,  as  in  that  at  Central  City,  where  a  part  of  the  215 
feet  of  limestone  at  the  base  of  the  section  may  be  Silurian.  The 
basis  for  this  statement  lies  in  the  fact  that  in  the  vertical  section  of 
Ohio  rocks  the  limestones  at  the  base  of  the  Devonian  do  not  exceed 
75  feet  in  thickness  at  any  point.*  It  is  also  possible  that  in  the 
wells  in  the  northern  part  of  this  area  the  considierable  bodies  of 
shale  represented  below  the  Ragland  sand  may  be  older  than 
Devonian. 

OIL  AND  GAS  WEIXS. 

On  the  geologic  map  accompanying  this  report  two  classes  of 
wells  are  represented  by  red  and  green  symbols.  Those  in  red  indicate 
wells  that  are  known  to  have  produced  gas  in  quantity;  the  other 
wells  are  shown  in  green.  Nearly  all  the  wells  in  this  area  were 
drilled  in  search  of  oil.  In  some  of  them  oil  was  found,  biit  m  too 
small  amount  to  pay  the  expense  of  prospecting,  and  some  wells  were 
practically  dry.  The  rocks  containing  oil  and  gas  are  usually  known 
to  the  drillers  as  sands.  Those  known  to  be  productive  in  this  area 
are  described  in  the  next  section.  The  numbers  in  the  accompanying 
list  correspond  to  those  used  on  the  economic  map  (PI.  I). 

•  Rept.  Geol.  Survey  Ohio.  vol.  7.  1893,  plate  opp.  p.  4. 
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Deep  wells  in  the  Kenova  quadrangle. 

1.  Little  Sandy  Oil  Company,  Joshua  Kelly  farm,  Euclid,  Greenup  County. 

2.  Clinton  well,  George  farm,  Shope  Creek,  Boyd  County. 
8.  Summit,  Boyd  County. 

4.  Catletts  Creek,  2  miles  west  of  Catlettsburg. 

5.  Longabaugh  well,  Richardson  farm,  west  bank  of  Big  Sandy  River,  11 

miles  south  of  Catlettsburg. 

6.  Alum  City  Oil  Company,  Straight  Creek,  Carter  County. 

7.  New  Domain  Oil  and  Gas  Company,  Straight  Creek,  Carter  County. 

8.  New  Domain  Oil  and  Gas  Company,  L.  C.  Glancy  farm,  Clancy  Fork, 

Carter  County. 

9.  Mouth  of  Blaine  Creek,  Lawrence  County. 

10.  Horseford  Creek,  I^wrence  County. 

11.  New  Domain  Oil  and  Gas  Company,  Jason  Boggs  farm.  Canes  Creek,  6 

miles  northwest  of  Blaine,  Lawrence  County. 

12.  New  Domain  Oil  and  Gas  Company,  John  Boggs  farm.  Canes  Creek,  4 

miles  northwest  of  Blaine,  I^awrence  County. 

13.  New  Domain  Oil  and  Gas  Company,  J.  F.  Cooper  farm.  Lick  Fork  of 

Cherokee  Creek,  5  miles  northwest  of  Blaine,  I^awrence  County. 

14.  New  Domain  Oil  and  Gas  Company,  J.  A.  Young  farm,  Cherokee  Creek, 

I^wrence  Qounty. 

15.  laurel  or  Broas  well,  Ix)wer  lAurel  Creek,  Lawrence  County. 

16.  New  Domain  Oil  and  Gas  Company,  H.  H.  Gambrill  farm.  Big  Blaine 

Creek,  1  mile  west  of  Blaine,  Lawrence  County. 

17.  Berry  well,  mouth  of  Cane  Creek,  I^wrence  County. 

18.  New  Domain  Oil  and  Gas  Company,  A.  M.  Holbrook  farm,  one-fourth 

mile  northeast  of  Blaine,  Lawrence  County. 

19.  Griffith  Creek,  7  miles  southeast  of  Louisa,  Lawrence  County. 

20.  Oil  well.  Catletts  Creek. 
21,22.  Forestdale,  Ohio. 

23.  Frank  Crank,  Yatesville. 

24.  George  Carter,  near  Yatesville. 

25.  Hannah  Lackey,  near  Yatesville. 
26,27.  Land  &  Carter,  near  Yatesville. 
28.  Kefter  well,  Upper  Stinson  Creek. 

OIL  AND  GAS  SANDS. 
CABBONIFEROUS   BOCKS. 

Salt  sand. — Fresh  water  is  reported  in  the  Summit  well  (No.  3), 
well  lip  in  the  Carboniferous,  425  feet  above  the  top  of  the  Maxville 
limestone,  and  also  in  the  Straight  Creek  well  (No.  6),  441  feet  above 
the  same  datum  plane.  The  first  prominent  gas  and  salt-water  hori- 
zon occurs  in  the  interval  of  250  feet  above  the  Maxville,  in  the  lower 
part  of  the  Pottsville  formation.  This  salt-water  bed  probably  corre- 
sponds in  places  to  the  Sharon  conglomerate.  The  oil  and  salt- 
water sands  are  either  two  or  three  in  number,  and  may  be  regarded 
as  the  equivalent  of  the  Salt  sand  to  the  north  in  Ohio,  but  in 
Washington  and  Monroe  counties,  Ohio,  the  name  Maxton  sand  has 
been  applied  to  the  sand  resting  directly  upon  the  Maxville  lime- 
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St  QUO.  From  this  bed  the  old  salt  wells  on  Big  Sandy  River  near 
Zekla  obtained  their  salt  water. 

Biff  Injun  mnd. — The  sandstone  containing  salt  water  lying  di- 
rectly below  the  Maxville  limestone,  or  separated  from  it  by  a  few 
feet  of  shale,  belongs  to  the  "  Big  Injun  groups  or  Logan  formation 
of  Kentucky  and  Ohio,  The  term  "group"  h  hardly  applicable  in 
the  Kenova  quadrangle,  as  most  of  the  records  show  a  single  sand- 
stone bed  from  30  to  11^  feet  thick.  In  the  Blaine  Creek  well  (No.  4) 
370  feet  of  sand  and  conglomerate  are  indicated  in  this  part  of  the 
section,  but,  as  haw  already  Ix^en  ix^inted  out,  some  of  thi^  is  probably 
the  Max%ille  limestone.  Nothing  but  salt  water  has  been  reported 
from  this  sandstone. 

Berea  mnd stone. — In  the  rockis  below  the  Big  Injun  sand  an  occa- 
sional show  pf  oil  is  reported,  but  no  persistent  oil-  and  gas-bearing 
rocks  are  encountered  until  the  drill  reaches  the  Sunbury  sliale  and 
Berea  sandstone.  Most  of  the  records  studied  show  between  the  shale 
of  the  Waverly  above  (Cuyahoga  ?}  and  the  Devonian  black  shalo  be- 
low a  group  of  sandstones  with  shale  layers,  which  are  referred  to  the 
Sunbury  shale  and  Berea  sandstone.  In  many  of  the  sections  the 
well-defined  sandstone  occurring  below  the  black  sliule  of  tlie  Waverly 
is  without  doubt  the  Bei^a  sandstone  proper,  but  in  certain  of  the 
sections  showing  several  sandstone  bands  the  boundary  has  been 
drawn  nn  t!ie  low^'rmost  whore  thore  si'eTne<l  no  ]>ositive  evid^*nr*^  tn 
the  contrary.  Where  a  single  layer  of  both  shale  and  sandstone  has 
been  recognized  in  the  driller's  logs  the  thickness  does  not  exceed  120 
feet.  Both  oil  and  gas  are  reported  from  the  Berea,  but  in  no 
instance  has  the  production  been  on  a  profitable  scale. 


DEVONIAN  BOCKS. 


Ragland  sand. — The  Devonian  shale  carries  some  oil  disseminated 
through  it,  but  the  first  persistent  gas-  and  oil-bearing  stratum  in  this 
rock  is  a  sandstone  band  a  few  hundred  feet  from  its  top.  Some  of 
the  records  show  this  sandstone  embedded  in  shale,  as  in  the  Clinton 
well  (No.  2),  the  Catletts  Creek  w^ell  (No.  4),  and  the  Richardson  or 
Longabaugh  well  (No.  5) ;  but  in  others  it  rests  upon  or  is  associated 
with  limestone.  It  is  barely  possible  that  the  Ragland  sand  of  the 
southwestern  part  of  the  quadrangle,  found  resting  upon  limestone, 
may  not.  be  the  same  sandstone  as  the  gas-bearing  rock  of  the  Cat- 
letts Creek  and  Clinton  w^ells,  but  the  presumption  is  strongly  in 
favor  of  this  correlation.  The  reason  for  this  question  lies  in  the  fact 
that  in  the  Clinton,  Catletts  Creek,  and  Longabaugh  wells  the  gas- 
bearing  sand  is  underlain  by  considerable  bodies  of  shale,  which  are 
described  in  the  Clinton  record  as  black  and  white.  In  some  wells 
(Nos.  6  and  19)  the  rock  at  the  Ragland  horizon  is  probably  a  lime- 


TRIANGULATION    STATIONS.  141 

stone.  In  the  wells  where  this  sandstone  is  ,underlain  by  shale  (Nos. 
2,  4,  and  5)  rocks  earlier  than  Devonian  may  be  represented.  This 
gas-bearing  sandstone,  regarded  as  the  Ragland,  is  in  most  places  a 
very  thin  band,  but  at  the  John  Boggs  well  (No.  12)  and  the  J.  A. 
Young  well  (No.  4)  it  is  reported  to  be  more  than  100  feet  thick.  In 
Bath  County  in  the  Ragland  field  none  of  the  records  show  a  thick- 
ness of  the  oil-bearing  stratum  greater  than  25  feet.**  This  sand  fur- 
nishes the  high-pressure  gas  on  Catletts  Creek,  but  there  the  sand- 
stone occurs  in  two  benches.  At  the  Jason  Boggs  well  on  Canes 
Creek,  Lawrence  County,  gas  containing  much  hydrogen  sulphide 
was  encountered  at  this  horizon,  with  a  rock  pressure  of  350  pounds. 

PRODUCTION. 

Most  of  the  wells  drilled  in  this  area  report  a  small  production  of 
oil  and  gas,  but  so  small  as  not  to  be  profitable.  Two  gas  wells  are 
notable  exceptions.  The  well  drilled  on  Catletts  Creek  struck  gas 
in  a  9- foot  layer  of  sandstone,  thought  to  correspond  to  the  Ragland 
sand,  at  a  depth  of  1,979  feet.  The  pressure  recorded  was  975  pounds. 
This  gas  is  now  piped  to  Catlettsburg.  At  the  Jason  Boggs  weilt  on 
Canes  Creek,  Lawrence  County,  gas  was  encountered  in  the  interval 
from  1,672  to  1,697^  feet  below  the  surface;  also  in  the  Ragland  sand. 
The  volume  was  reported  to  be  750,000  cubic  feet  per  twenty- four 
hours  when  the  gas  was  tapped,  and  the  rock  pressure  to  be  350 
pounds.     The  gas  was  heavily  impregnated  with  hydrogen  sulphide. 

TOPOGRAPHIC  DATA. 

TRIANGULATION  STATIONS. 

The  topographic  work  for  the  map  of  the  Kenova  quadrangle 
is  based  on  triangulation  stations,  two  of  which  are  found  within 
the  limits  of  the  quadrangle  and  several  outside  of  its  borders  to 
the  north,  south,  and  northwest.  The  stations  north  and  northwest 
of  the  area,  some  of  which  are  in  the  State  of  Ohio,  were  established 
by  the  Coast  and  Geodetic  Survey,  to  which  the  writer  is  indebted 
for  the  information  regarding  them.  The  four  triangulation  stations 
represented  south  of  the  area  in  the  accompanying  figure  were  estab- 
lished by  the  United  States  Geological  Survey.  The  two  stations  on 
this  quadrangle  are  designated  by  the  names  Oakland  Piid  Buena 
Vista.  Oakland,  named  from  Oakland  furnace,  on  Chadwick  Creek, 
Boyd  County,  is  situated  at  the  highest  point  on  the  ridge  at  the  head 
of  Campbell  Run  and  Laurel  Creek.  Buena  Vista,  so  called  from 
Buena  Vista  furnace,  is  situated  on  the  ridge  northwest  of  Straight 
Creek,  on  the  dividing  line  between  Greenup  and  Boyd  counties.  The 
accompanying  figure  (21)  shows  the  relative  positions  of  these  trian- 
gulation stations.    Descriptions  of  their  exact  locations  follow. 

«  Kentucky  Geol.  Survey,  Bull.  No.  1,  1905,  pp.  69,  60. 
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<>  No  check  on  this  position. 


ROUND   TOP. 


Round  Top  station  is  situated  in  Lewis  County,  Ky.,  about  5  miles 
west  of  Quincy,  on  a  hill  just  back  of  L.  Johnson's  house,  well  known 
in  this  locality  as  Round  Top  and  as  being  the  highest  point  along 
Ohio  River  between  Pittsburg  and  Cincinnati.  The  whole  top  of  the 
hill  was  cleared  off,  with  the  exception  of  two  pine  trees. 

The  station  is  marked  by  an  earthen  pyramid  buried  3  feet  in  the 
ground.  Above  this  and  coming  to  the  surface  is  a  tile  pipe  6  inches 
in  diameter  and  2  feet  long.  This  is  filled  with  cement  and  a  nail 
in  the  center  marks  the  center  of  the  station.  Four  tile  pipes  2  feet 
long  and  4  inches  in  diameter,  filled  with  cement,  with  a  nail  in  the 
center,  were  put  down  as  reference  marks — north,  east,  south,  and 
west — their  tops  being  level  with  the  surface  of  the  ground.  The 
following  measurements  were  made  with  steel  tape:  From  station 
to  nail  in  pipe  north  (true),  5.88  feet;  to  nail  in  pipe  east,  6.22  feet; 
to  nail  in  pipe  south,  5.95  feet ;  to  nail  in  pipe  west,  5.93  feet. 

SCIOTO. 

Scioto  station  is  on  the  land  of  George  Davis,  about  IJ  miles  west 
of  his  distillery  on  the  west  side  of  Scioto  River,  which  is  about  1^ 
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miles  northwest  of  Portsmouth.  A  signal  96  feet  high  to  the  floor 
of  the  scaffold  was  erected  here  and  theodolite  Xo.  118  was  mounted 
about  100  feet  from  the  ground.     Lines    were    opened    to    Peach 


J&dato 


Pmdd 


^JTtalyhratA 


Fig.   21. — Sketch   Hhowing   location   of   triaDgulation   stations   in   and    near    the    Kenova 

quadrangle. 

Mount  Station  (19  miles)  by  cutting  on  five  ridges,  and  to  Twin 
Creek  station  (13  miles)  by  cutting  on  two  ridges.  Fradd,  Gould, 
Howland,  Round  Top,  Springville,  and  the  whole  of  the  city  of 
Portsmouth  are  open. 


Tlie  .station  ls  marked  as  follows:  A  pi>ttery  py ramie]  wi 
below  the  surface,  over  which  was  placed  a  6*inch  drain  tile' 
2  feet  long,  filled  with  concrete.  The  center  is  marked  by  an 
tspikc.  Reference  marks  consist  of  4-inch  pipes,  as  follows;  Nl 
6.29  feet;  south,  6.18  feet;  east,  6,^25  feet;  west,  6.11  feet.  1 
four  pipes  were  filled  with  concrete,  and  a  nail  driven  in  each  Ji 
the  center. 


HOWLAND. 


1 


How  land  Ktation  m  situated  in  Greenup  County,  Ky,^  between 
gartw  and  Schultz  creeks  and  between  Right  and  I^eft  forks  of  Be 
Creek,  about  3 J  niile^  west  of  Liberty,  about  400  yards  nortl 
of  the  house  of  James  Howland,  on  a  point  of  land  belongi^ 
James  Howe,  nnd  about  100  yards  west  of  the  main  county 
that  runs  from  Schiiltz  Creek  to  the  mouth  of  Brushy  Creek. 
signal  is  in  .sight  from  Mr.  How  hind's  house.  A  65-foot  tripod 
scaffold  WHS  ere**ted  here.  Theodolite  No*  Kio  was  mounted  ot 
of  the  tripod  and  the  observations  were  made  from  it. 

The  station  is  marked  by  an  earthen  pyramid  buried  2^  feet  I 
the  surface  of  the  ground;  above  this  is  placed  a  draintile  pi 
inches  in  diameter  and  2  feet  long,  the  top  being  just  even  u^id 
surface  of  the  ground.  The  pipe  was  filled  with  cement  and  a  6 
spike  in  the  center  marks  the  station.  Four  tile  pipes  4  inch 
diameter  and  2  feet  long,  filled  with  cement,  with  a  nail  in  the  c 
of  each,  were  put  down  as  reference  marks.  The  following  mea 
ments  were  made;  From  station  to  nail  in  pipe  north  (true), 
feet;  east,  6,05  feet;  south^  5M  feet;  west,  6.10  feet 

GOULD. 

Gould  station  is  situated  on  the  hills  east  of  Ohio  River,  abo 
miles  in  an  air  line  from  the  river  at  Franklin  furnace  landing, 
land  formerly  belonged  to  O.  B.  Gould,  but  was  sold  in  1884  to  M 
Kyle  &  Co.,  of  Hanging  Rock,  Ohio.    The  hill  is  covered  with 
timber  of  second  growth. 

The  station  is  marked  as  follows :  The  center  by  a  pottery  pyr 
sunk  3  feet  below  the  surface;  above  this  is  a  piece  of  sewer  p 
inches  in  diameter,  filled  with  concrete,  with  a  nail  in  its  c< 
Other  pieces  of  sewer  pipe,  4  inches  in  diameter,  are  sunk  a 
following  distances  and  directions:  North  (true),  4-inch  pipe, 
feet;  south,  4-inch  pipe,  6.11  feet;  east,  4-inch  pipe,  5.78  feet.  O 
west  is  a  brass  rod,  one-fourth  inch  in  diameter,  driven  int 
smoothed  top  of  an  oak  stump  and  surrounded  by  a  triangle  oi 
nails,  distant  5.77  feet. 
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FRADD. 

Fradd  station  is  very  near  to  the  line  between  Lawrence  and  Aid 
townships,  in  Lawrence  CJounty,  Ohio,  about  100  yards  south  of  the 
road  running  from  Marion  to  Vesuvius  furnace,  about  3  miles  from 
Marion,  nearly  a  mile  west  of  the  white  schoolhouse  on  the  hill,  on 
land  belonging  to  Charles  Fradd,  who  lives  in  the  hollow  about  one- 
third  of  a  mile  southwest  of  the  station. 

The  station  was  marked  by  an  earthen  pyramid,  sunk  2^  feet  in 
the  ground;  above  this  was  placed  a  6- inch  tile  pipe,  2  feet  long 
and  filled  with  cement;  a  6-inch  spike  marks  the  station  center. 
Four  4-inch  tile  pipes,  2  feet  long,  filled  with  cement,  with  a  nail  in 
the  center,  were  put  down  as  reference  marks,  their  tops  being  level 
with  the  ground.  The  following  measurements  were  made:  From 
station  center  to  nail  in  pipe  north  (true),  7.63  feet;  east,  6  feet; 
south,  6.50  feet ;  west,  6  feet. 

BUENA  VISTA. 

Buena  Vista  station  is  on  the  highest  point  of  the  narrow  ridge 
about  2^  miles  east  of  Hunnewell  furnace,  Greenup  County,  Ky. 
The  county  road  from  Hunnewell  furnace  to  old  Buena  Vista  fur- 
nace crosses  the  ridge,  and  the  station  is  on  the  high  point  to  the 
left  of  the  road,  called  in  the  neighborhood  the  "  high  knob."  When 
the  ridge  was  cut  off  for  charcoal  a  single  large  tree  was  left,  in  which 
a  flag  was  put  for  use  in  reconnaissance.  This  tree  was  trimmed 
by  cutting  its  lower  branches  and  was  left  temporarily  for  a  mark. 

The  station  is  marked  at  the  center  by  a  pottery  pyramid  sunk 
3  feet  below  the  surface.  Above  this  was  built  a  pier  of  concrete, 
about  4i  feet  above  the  ground,  on  which  was  mounted  the  theodo- 
lite. The  center  of  the  pier  above  the  station  is  marked  6  inches 
below  the  surface,  at  15  inches  below  the  top,  at  6  inches  below  the 
top,  and  on  the  surface  of  the  pier  by  iron  spikes  driven  into  the 
concrete  accurately  over  the  center  of  the  station.  A  small  pole 
was  erected  to  observe  on  from  Oakland,  and  was  taken  down  when 
the  pier  Was  built.  Refei'ence  marks:  Two  concrete  piers,  6  by  6 
inches  and  2  feet  long,  with  their  tops  even  with  the  ground  and 
nail  in  the  center,  one  east,  one  west ;  for  the  north  and  south  marks, 
oak  stubs  with  nail  in  the  top.  The  following  are  the  distances: 
Station  to  nail  north  (true),  7.90  feet;  east,  7.16  feet;  south,  8.03 
feet;  west,  7  feet.  The  large  chestnut  oak  in  which  the  flag  was 
placed  was  cut  down  and  a  pole  was  erected  over  the  pier,  with 
crotch  16  feet  high  and  pole  12  feet  above  the  crotch.  The  dis- 
tance from  the  station  to  a  blazed  stump  marked  with  a  triangle  of 
driven  nails  with  a  spike  in  the  center  is  17.3  feet. 
4700.S— 08 10 
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OAKI.AND, 


OftMand  station  is  on  the  highest  pfirt  of  the  wooded  hill  at  the 
headwaters  of  Chad  wick  Creek,  on  the  land  of  Thomas  Galligher,  a 
few  feet  from  the  fence  di\'idiiig  his  land  from  that  of  James  L. 
Kucker. 

The  center  is  marked  by  a  pottery  pyramid,  buried  3  feet.  Over 
this  is  phiced  a  section  of  4 -inch  tile  pipe  ii  feet  long,  its  upper  sur- 
face level  with  the  surface  of  the  ground.  This  pipe  is  filled  with 
and  surrounded  by  concrete  niiicle  of  hydraulic  cement  and  broken 
sandstone.  The  station  center  is  marked  on  the  top  of  the  concrete 
by  an  iron  spike  6  inelioi  long,  the  center  of  the  head  of  this  spike 
being  accurately  plumbed  under  the  center  of  the  tripod  head,  on 
which  was  mounted  theodolile  No.  118,  Reference  marks  consist- 
ing of  4-inch  tile  pipes  2  feet  long,  filled  with  concrete  and  sinik 
level  with  the  surface  of  the  gromid,  with  a  nail  in  the  center  of 
each,  weiT  placed  at  the  following  distances  and  directions:  North 
(true),  5,ys  feet;  south,  5.02  feet;  east,  G,02  feet;  west,  6,06  fe«t. 


WCH-F.* 


On  sharp  ridge  at  head  of  Wolf  Creek,  Martin  County,  Ky-»  12 
miles  (air  line)  southwest  of  Warfield,  on  Tug  Fork  of  Sandy  River. 
Permanent  mark :  Large  chestnut  tree* 

[Latitude,  37"  43'  34''.4  ;  longitude,  82«  34'  20''.9.] 


To  station- 

Azimuth. 

Baek  azimuth. 

Lor. 
distance. 

Castle 

Preston.        .  .  __    __ 

138    37    03.8 
101    39    06.3 
13    12    48.8 
342    01    58.8 

318    28    31.8 
281    26    22.6 
198    09    18.7 
162    06    63.8 

Meters. 
4.480071 
4.494856 

Prazler _. 

WlUard      .        -         _    

4.560816 
4.735622 

PRESTON.® 


On  northeast  end  of  Long  Knob,  at  head  of  Barnett  and  Jennie 
and  Little  Paint  creeks,  Johnson  County,  Ky.,  7  miles  southwest  of 
Paintsville. 

[Latltudo,  37°  46'  57". 3;  longitude,  82°  56'  ir.6.] 


To  station- 

Azimuth. 

Back  azimuth. 

LOR. 

distance. 

Wolf 

281    26    22.5 

1    28    02.2 

332    14    81.1 

101    30    06.3 
181    27    41.1 
152    23    43.8 

Meters. 
4  494866 

Quicksand .               _._  ._ 

4  5201SM 

Frazler 

«  This  description  may  be  found  In  Bull.  U.  S.  Geol.  Survey  No.  122,  1894,  p.  82. 
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SPIRIT-LEVEL  WORK. 

During  the  course  of  topographic  work  in  the  Kenova  quadrangle 
numerous  bench  marks  were  established,  descriptions  and  elevations 
of  which  are  given  below. 

The  elevations  in  the  following  list  are  based  on  a  bronze  tablet  at 
Kenova,  W.  Va.,  in  the  west  side  of  the  door  sill  at  the  entrance  to 
the  men's  waiting  room  at  the  union  station.  The  elevation  of  this 
tablet  is  accepted  as  5G6.918  feet  above  mean  sea  level.  The  initial 
height  from  which  these  elevations  are  derived  is  that  determined  for 
bench  mark  816  A  of  the  Ohio  River  Survey,  Corps  of  Engineers, 
U.  S.  Army,  at  Catlettsburg,  Ky.,  by  the  1903  adjustment  of  precise 
leveling.  The  leveling  was  done  in  1900  under  the  direction  of  W.  N. 
Morrill,  topographer;  by  J.  E.  Buford  and  C.  H.  Semper,  levelmen. 
All  standard  bench  marks  dependent  on  this  datum  are  stamped  with 
the  letter  "  K  "  in  addition  to  the  figures  of  elevation. 

HAVERHILL,   OHIO,    TO   GREENUP,    KY.  ;    THENCE   ALONG  EASTERN    KENTUCKY  RAILWAY 

TO    ARGILLITE. 

Feet. 
Greenup  County  building,  clerk's  office;  bronze  tablet  set  vertically  in 

stone  step  at  right  of  entrance,  stamped  "  538  I  '* 540. 004 

Riverton,  1.5  miles  south  of,  railroad  bridge  150  feet  south  of  road 

crossing?,  on  abutment  at  southwest  corner  of  bridge;  chisel  mark 554.70 

Argillite.  1,320  feet  south  of,  east  side  of  north  end  of  ArgiUite  tunnel, 

8.8G  feet  higher  than  top  of  rail,  in  sandstone  ledge;  bronze  tablet 

stamr>ed  "  567  K  1900  " 566. 442 

GREENUP   SOUTHWARD  TO   MOUTH    OF    WHETSTONE   CREEK. 

Greenup,  2.5  miles  southwest  of,  750  feet  southwest  of  log  house,  on 
north  side  of  road,  north  of  road  center,  in  south  end  of  sandstone 
bowlder  7  by  10  by  25  feet;  bronze  tablet  stamped  "578  I  *' 580.081 

KENOVA    ALONG    CHESAPEAKE    AND    OHIO   RAILWAY     (BIG    SANDY    DIVISION)    TO    ROCK- 

VILLE     (BUCHANAN),    KY. 

Savage,  2.G  miles  north  of,  on  west  side  of  highway  or  crossing  40  feet 
from  ccniter  of  track  and  10  feet  from  center  of  highway,  on  siind- 

stone  lodge;  chisel  mark 552.44 

Savage,   870  feet  north  of  station,  at  southeast  corner  of  highway 

bridge,  on  bridge  seat;  chisel  mark 541.26 

Savage,  in  front  of  station ;  top  of  west  rail 547. 1 

Savage  Branch  station,  1  mile  south  of,  at  David  Ix)ckwood*s  house, 
in  foundation  on  left  side  of  front  steps;  bronze  tablet  stamped 

"586  K  " 586. 113 

Lockwood,  in  front  of  station;  top  of  east  rail 544.3 

Kavaiiaugh  Church,  in  front  of  flag  station;  top  of  east  rail 581.3 


I 

I 
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WLT9  rORK  NOBTaWAKO  HA  CAKH0lTeai7Ba  TO   A9BLAWD* 

Bolts  Fork,  000  feet  nortii  of  poBt-atfice,  highway  bridge  over  Bolts 
Fork*  at  southeflst  corner  bridge  seat;  bronae  tablet  stamped 
'*  tl52  K  " ,— __- , „_,, 652,  5<il 

Mavlty,  0,8  mile  north  of,  at  forks  of  road  105  feet  noath  of  log  lioitse, 
51  f(?et  »outh  of  iycamore,  ou  abutiuent  at  southeast  ec^nier  of  bridge ; 
chiwi>l  mark^^^^ .——. _^_^__ 005.  m 

Caniioiisbiirii,  iw^Btnifflce  hti tiding;,  8cititUe«»t  comer  of^  fl3  feet  froui  rail- 
road crossing;  broiisw?  tablet  staini«Hl  **('M  K" . 004.^1 

Mead  fi*tatlon,  iX5  milt;  south  of*  on  Aphliuid  Qml  and  Iron  Rallwaj-, 
200  fept  H4>uthwest  of  lionse  on  west  side  of  road,  wirner  stone  west 
end  of  culvert:   t*hlml   niark^^ ^,, ^.^^^  6IW. ! 

Head  station,  1  mile  uortb  of,  M  feet  north  of  wuall  bridge.^  15  feet  east 
of  center  of  road.  In  ^ndBtone  bowlder:  broiiise  tablet  Btamped 
•  imS  K"_^^— _-,-^ ,—„,,._„.., __...-„„^^^___  639,  2Sf 

Ashintid,  Chesapeake  and  Ohio  station,  oa  Carter  aveune,  between 
IVelfth  aiui  TtHrteenih  streets,  j*outh  side  of  balldiag,  2  feet  above 
ground:  bronze  tublet  Btamited  "TiSfl  K**_^^,,,__,__„__„ 1^5.  531 


ABULAnn  AUONQ  eHJtSAPfiAKK   AWD  OHIO   RAILWAY   VIA  CATLETTaBLtBO  TO    tIAMrrOSr. 


mt*      I 


Ashland,  1.5  railea  MSt  of»  on  Cbe^pealce  and  Ohio  Railway,  girder 
bridge  over  electric  railway,  oti  toi(  wtone  at  south  end  of  west  wing 
wall:  chisel  mark ..^^ -„^^_^ 5riki«  74 

Catlettsbnrg.  Louisa  street,  between  Franklin  and  Clay  sitrcets,  in 
t*nurt' house  ynr*l      it    Mf»r1hvi '^-^l    i  i^nvr  *4  rh'r!;'>:  j^'ilk'e,  1   foot  ubov^ 

water  table;  aluminum  tablet  stamped  "549  K  1900" 550.303 

Catlettsburg,  Big  Sandy  National  Bank  (U.  S.  Engineer's  bench  mark 

U 

'*31G  A"),  on  window  sill;  chisel  mark  BDM 548.600 

S 

BUCHANAN    WESTWARD   TO    MAYHEW. 

Buchanan,  In  front  of  station ;   top  of  east  rail 558. 3 

Buchanan,  150  feet  soiith  of,  overhead  railway  bridge  (B.  S.  189),  in 
top  stone  at  east  end  of  north  pier ;  bronze  tablet  stamped  **  554  K 
1900  "   554.  231 

Mayhew,  850  feet  west  of  post-offlce,  at  northeast  corner  of  bridge  over 
Bolts  Fork,  4  feet  lower  than  bridge,  on  bridge  seat ;  chisel  mark 682. 18 

BUCHANAN     SOUTHWABD     ALONG     CHESAPEAKE     AND     OHIO     RAILWAY     (BIG     SANDY 

DIVISION)    TO  GALLUP. 

Buchanan,  1.7  miles  south  of,  trestle  No.  206,  in  guard  rail  at  southeast 
end;  top  of  bolt 563.03 

Fuller,  300  feet  north  of  station,  5  feet  west  of  railroad  at  east  edge  of 
highway,  30  feet  north  of  white  house,  in  sandstone  ledge;  bronze 
tablet  stamped  "572  K  1900" 570.874 

Poters,  in  front  of  station;  top  of  rail 573 

Louisa,  U.  S.  Engineers'  bench  mark  No.  13  Big  Sandy,  at  Lock  No.  3, 
in  engineers'  office  yard 569.081 

Louisa  County  court-house,  north  face,  west  side,  in  foundation ;  alumi- 
num tablet  stamoed  "684  K  1900" 582.419 
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Feet, 
Gallup,  at  G.  C.  McClure's  house,  iu  stone  step  to  house;  bronze  tablet 

stamped    "591    K    1900" 589. 370 

Gallup,  0.0  mile  west  of,  TJ.  S.  Engineers*  bench  mark  No.  5  Big  Sandy, 

50  feet  south  of  west  end  of  trestle  No.  403—— 590.289 

GALLUP    WESTWARD    TO    PBOSPEBITY. 

Adams,  2  miles  south  of  post-office,  at  M.  R.  Hayes's  residence,  In  south- 
west comer  of  foundation;  bronze  tablet  stamped  "667  K  1900 "__  666.591 

IBAD  NORTHWARD  5  MILES,  THENCE  SOUTHEASTWARD  VIA  YATESVILLE  TO  LOUISA. 

Yatesville,  3  miles  northwest  of,  in  field  on  south  side  of  and  45  feet 
from  center  of  road,  135  feet  from  southwest  corner  of  Green  Valley 
schoolhouse,  in  north  side  of  large  sand  rock;  bronze  tablet  stamped 
"598  K  1900" 596.  8mJ 

MAYHEW    WESTWARD    TO    DENTON,    THENCE    NORTHEASTWARD    ALONG    ASHLAND    COAL 
AND  IRON  RAILWAY  TO  PRINCESS,  THENCK  EASTWARD  TO  CANNONSBURG. 

Denton,  4.5  miles  east  of,  on  top  of  hill  60  feet  north  of  road,  at  old 
road  going  north,  old  abandoned  frame  house,  on  foundation  at 
southeast  corner;  chisel  square 905.39 

Denton,  Chesapeake  and  Ohio  Railway  station,  200  feet  northeast  of,  16 
feet  east  of  center  of  main  track,  in  top  stone;  chisel  mark (>69. 84 

Denton,  1.5  miles  east  of,  200  feet  north  of  road  crossing  at  southwest 
end  of  Means  tunnel  on  Ashland  Coal  and  Iron  Railway,  15  feet 
west  of  high\yay,  in  sandstone  ledge ;  bronze  tablet  stami>ed  "  787 
K  1900" 1 787.794 

Grant  station,  at  southwest  comer  of  girder  bridge  No.  11,  30  feet  west 

of  switch  stand  near  station,  on  bridge  seat;  chisel  mark 085.92 

Geigersville,  800  feet  north  of  Rush  iH)st-office,  600  feet  south  of  coal 
dump,  330  feet  south  of  road  crossing,  at  southwest  corner  of  rail- 
road bridge  No.  10,  in  bridge  seat ;  bronze  tablet  stamped  **  639  K 
1900  " 039.  442 

Coalton  station,  west  of  tool  house  ncMir,  at  northeast  comer  of  railroad 
bridge  No.  6,  iu  bridge  seat;  chisel  mark 615.03 

ARGILLITE  SOUTHEASTWARD  VIA   NAPLES  TO  PRINCESS. 

Naples,  1,300  feet  north  of  ix)8t-office,  at  southwest  corner  of  overhead 
highway  bridge  across  East  Fork  on  or  near  Boyd-Greenup  county 
line,  in  bridge  seat;  bronze  tablet  stami)ed  "571  K  1900" 570.839 

Princess,  3.25  miles  northwest  of,  at  northeast  corner  of  highway  bridge 
over  Williams  Creek,  east  of  log  holise,  on  abutment ;  chisel  mark___  571. 07 

ARGILLITE    SOUTHWESTWARD    VIA     OLDTOWN     AND    EUCLID,    THENCE    NORTHWARD    TO 
HEAD  OF   CLAYLICK   CREEK    ( SINGLE-SPUR   LINE.) 

Oldtown,  Mrs.  Womack's  house,  350  feet  north  of  Oldtown  Creek  bridge, 
on  west  side  of  road,  in  foundation  stone  on  east  side  of  house,  6 
feet  from  southeast  comer;  bronze  tablet  8tami>ed  "  558  K  1900  " 556.  843 

Claylick  Creek,  head  of,  on  ridge  where  road  turns  to  right  to  go  down 
creek,  near  site  of  former  schoolhouse,  on  north  side  of  road  between 
J.  H.  Hally's  and  W.  J.  Hally's,  in  ledge;  bronze  tablet  stamped 
"957  K  1900" 956.345 
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OLDTOWW'    aOUTflWABD    TO    HOPEWELL,    THE^Cfc    SOUTHWARD    ALOIS H    £43TEBir    ££9* 
^^  TOCKV  BAtLWAy  TO  GEAYSON. 

^n-ayBon*  0.4  mile  west  of  rallroatl,  at  aoathc^ast  comer  of  foundation 
^■of  court-house ;  aluminum  tablet  stami>e(i  **  686  K  1900** .- CS4.  flOti 


OKATSON  EASTWARD   VIA   &£NEY   TO   KIlj0OBtl 


GaAYSO:H    SOtrrBWASO   4L0IVQ  KAGTERR^   KENTUCKY   RAILWAY   TO   WUXAJU). 


Grayson,  5.0  mlle«  east  of,  on  north  side  of  road,  15  feet  from  center, 
Dear  top  of  Crib  Hill,  In  ftandMofie  ledge;  bronsse  tablet  fitamped 
*  334  K  1900" ^— ,.-._  S32.8i4i 

Kilgore*  1.3  miles  west  aU  lu  road  beti»*eeu  W.  C.  Harglo's  residence 

a])d  the  old  store  of  Norton  Irou   Works,   on   sandstone  bowlder; 

^tfibtfiel  mark,—^ ____-__^ _.^_^ mLM 

Grayson.  O.n  mile  Moutb  of,  at  Bootbeaat  corner  of  railroad  bridge  over 
Little  Sandy  Iliver,  nn  ribntment:  cblael  mark^_^_^-^_. ^-_^ ^  5^8**30 

B.  K.  Janc-tion,  OJi  mile  east  of,  at  wutliwest  comer  of  Cliesapesike 
and  Oblo  Railway  bridge  No.  8442,  on  bridge  seat;   chisel  mark itXH. 03 

WlJhird,  3  milet?  north  of,  t>  feet  from  Sfjutbwest  comer  of  railroad 
brfd^  No*  9,  no  abutment;  eblsel  mark^^^ ^ .^^^^ 613.00 

WiUard,  1,400  feet  east  of  station,  at  northeast  corner  of  railroad 
bridge  No.  15  over  Drjr  Fork,  In  bridge  se^it ;  brou^  tablet  stamped 
'625  K  l900*_--^«^_ ^ ^_^_^,__._„ ,„___„__  634. 

iriLLAan     south  EA^STWABD     ALOKO     EASTEHN     KEITTUCKT    BAILWAY    to     W^EBBVrOJt, 
THENCE  southward  ALONG  PUBLIC  BOAD  VIA  IBONTON  HILL  TO  BLAINE. 

Webbvllle,  5.8  miles  south  of,  south  of  small  house  near  south  forks  of 
road,  on  west  side,  30  feet  from  center,  in  sandstone  ledge;  bronze 
tablet  stamped  "916  K  1900" 914.926 

Cherokee,  0.5  mile  north  of  mouth  of  Cherokee  Creek,  east  of  road, 
south  of  small  house,  in  sandstone  ledge;  bronze  tablet  stamped 
"646  K  1900" 645.587 

BLAINE    WESTWARD    ALONG    BLAINE    CREEK    TO    MARTHA,    THENCE    NORTHWARD    VIA 

SARAH  TO  WILLARD. 

Blaine,  0.3  mile  west  of,  at  northwest  comer  of  highway  bridge  over 
Blaine  Creek,  on  bridge  seat;  chisel  mark 655.94 

Martha,  0.4  mile  north  of,  on  east  side  of  road,  25  feet  higher  than 
road,  36  feet  north  of  oak  tree  on  same  side  of  road,  in  sandstone 
ledge;  bronze  taldet  stamped  "736  Iv  1900" 735.554 

Fielden,  2  miles  east  of,  at  Pennington's  store,  mouth  of  Hurricane 
Creek,  W.  L.  Pennington's  house  on  south  side  of  road,  in  foundation 
under  northeast  corner;  bronze  tablet  stamped  "698  K  1900" 696.921 

Willard,  5  miles  southwest  of,  on  west  bank  of  Little  Fork,  0.5  mile 
north  of  Levi  Pennington's,  in  sandstone  ledge  between  public  road 
and  creek;  bronze  tablet  stamped  "650  K  1900" 649,725 

BLAINE  CREEK    NORTHEASTWARD  VIA  PROSPERITY  TO   IRAD. 

Irad,  2  miles  west  of,  0.25  mile  east  of  log  schoolhouse,  on  north  bank 
of  Blaine  Creek,  south  side  and  5  feet  from  center  of  road,  west  of 
house  near,  in  large  sand  rock ;  bronze  tablet  stamped  "  630  K  1900  '*.  629.  784 
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coals  of 19, 
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Pago. 

Drainage,  description  of 11-12 

Dry  Fork;  coal  on 99, 102-103, 104-105, 108 

coal  on,  section  of,  figure  showing 103, 107 

Dry  Ridge,  Ky.,  coal  on 47 


Eastern  Kentucky  Railway  district.    See 

Little  Sandy  VaUey  district. 
Eastern  Kentucky  Railway  terminus,  dis- 
trict tributary  to,  coals  of 98-110 

district  tributary  to,  coals  of,  analyses 

of 105 

coals  of,  sections  of 99 

sections  of,  figures  showing 100, 

103,104,107,109,110 

geology  of. 96-98 

sections  in 96-97 

stnicture  of 98 

East  Fork,  coal  on 66 

Economic  geology,  account  of 24-141 

Elevations,  data  on 11, 147-150 

Equal  Fork,  coal  near. .  99-100, 102-103, 104-105, 108 
coal  near,  section  of,  figure  showing . .  103, 104 

Everman  Creek,  clay  on 118 

coal  on 88, 94, 95 

section  of ,  figure  showing 89,93 

limestone  on 126 


Fallsburg,  Ky.,  coal  near 15,16,44 

coal  near,  section  near 44 

section  of,  figure  showing 43 

Farming,  status  of 12 

Ferriferous  limestone,  correlation  of 19 

Field  Branch,  clay  near 120 

coal  near 100, 102, 106, 108, 109 

sections  of,  figures  showing 107, 109 

Fielden,  Ky.,  coal  near 108 

coal  near,  section  of,  figure  showing 107 

Fire  clay.    See  Clay. 

Flatwoods,  description  of 14-15 

Forestdale,  Ohio,  clay  at 113 

coal  near 35 

section  of ,  figure  showing 34 

Fourmile  Creek,  coal  on 67 

Fourpole  Creek,  well  on,  section  of 137 

Fradd  station,  Ohio,  description  of 142, 145 


Gamer  Creek,  coal  on 65,66,67 

Oas.    See  Oil  and  gas. 

Geology,  description  of l*-24 

Geology,  economic,  account  of 24-141 

Glass  sand,  occurrence  and  character  of 133 

Gould  station,  Ohio,  description  of 142, 144 

Gragston  Creek,  coal  on 15,16,40 

Grant,  Ky.,  coal  at 60 

coal  at,  section  of,  figure  showing 68 

Grayson,  Ky.,  coal  at  and  near 88, 93, 95 

coal  at  and  near,  sections  of,  figures 

showing 89 

well  near,  section  of 136 

Great  Britain,  cannel  coal  of 91 


Hanging  Rock,  Ky.,  location  of 9 

Hanging  Rock  limestone,  correlation  of 19 

Harriet  Branch,  clay  of 120 
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Hatcher  coal,  oorreUtion  of 26-27 

occurrence  and  character  of 31-32 

position  of 16,26 
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coal  on,  section  of,  figure  showing 82 

Hilton  Branch,  coal  near 107 

coal  near,  section  of,  figure  showing —      107 

Hislop,  G.  R.,  on  Kentucky  cannel  coal 89-01 

Hocking  Valley  coal,  analyses  of 72,73 

character  of 72 

Homewood  sandstone,  clay  of 110-120 

occurrence  and  character  of 18, 
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structure  of 23 

Hood  Creek,  coal  near 66, 79, 80, 109-110 

coalnear,  section  of 81 

section  near 64 

Hopewell,  Ky.,  ooal  near 94,96 

Horseford  Creek,  well  on 134 

Rowland  station,  Ky.,  description  of... .  142,144 

Huff  Creek,  coal  on 106 

Hunnewell,  Ky.,  coal  near 82, 85, 88-^,02 

coal  near,  analyses  and  tests  of 90-91 

section  of,  figure  showing 80 

Hurricane  Creek,  coal  near 100 

Hurricane  Creek  (Right  Fork) ,  coal  on 45 

coal  on,  section  of,  figure  showing 43 
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Igneous  rocks,  occurrence  and  character  of.  21-22 

Illinois,  coals  from,  analyses  of 73 

Indiana,  coals  from,  analyses  of 73 

Irad,  Ky.,  coalnear 50 

rocks  near 24 

Irish  Creek,  ooal  on 102 

Iron  ores,  abandoned  furnaces  for,  views  of .      122 

character  of 122 

description  of 122-130 

occurrence  of 62,64,65,122 
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Ironton,  Ohio,  coal  at 75 
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coal  on,  section  of,  figure  showing 103 
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Jackson  Shaft  coal,  correlation  of 94 

Johns  Branch,  clay  ne^u- % 120 

coalnear 100,102,103,106 

section  of,  figure  showing 104 

fire  clay  on 29 

Jordan  Fork,  coal  on 96 
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Kenova,  W.  Va.,  location  of 0 

origin  of  name  of 9 

rocks  near 17 
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showing 28 

Kenova  quadrangle  in 9 

Kentucky  Geological  Survey,  work  of 9-10, 71 
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Keyes  Creek  ooal.    See  Winalow  ooal. 
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130-131 

litomtuni.  Hat  ol .,....„...  10,^1-152 

LttikiHUIiMCra«kpOodoii. H.SaM 

Unie  Cjumel  coolt  Bou^y*^  ol 5MN) 

eOTfolflUotiof.,, -.-  3li-a7<W 

oceufrQDf!i*«j}4clinrarterof. ...,*»  ^B-flO 

ivntHlimft  of,  figures  showing. ...*...„...       fi» 
5/f  of^o  Barrett  Crtsek  coul. 

LUtk  Forkn  co(U  near 100,10*.  Ia7 

«ioid  nftiir,  secUoD  of>  ^nm  slwiHag . .  IflO,  107 

lAtti*  UunleiMii^  Creek,  ctkftt  00,  BHjUoiii  of, 

flgiirrs  Nho'n'liig *a 

Littlfl  Ifo  Crwlf.  eoftl  on,  aecUon  of,  flguro 

thowiii^.. . ......... a* 

rlow  on. ...*-...-..►..        H 

U  L  Liti  Hutid  r  Et ver,  aQii  rlinn  OA. ...... . 15 

rU*)  on .\ — ---      121 

cojil  cm ,.._,,  WtW 

UiUv  iimay  ViOley  district,  emh  of  „... 

«3[t«!ltol -. 

ffeolofyor. „,,.*.. ...,. 

Lticfltion-  map  ihowing.. ,.,.„,.., I# 

^mii^mi'jit  (jn,,„.,, , .-...,*.**..._,.        Q 

Ijcc lea ^  (?oii*t ruction  of .,..,......,. 13 

t^gim  plfly.    ^S<P  Sciotovllle  clay, 

LtMil  Briutch,  PO(il  on ................  9©.  tW 

f (Ui)  mi,  MBtstiana  ol^  Qgurpfl  ahovrU^ 100 

Loit  Creek,  cowl  on  „  „ .„_..,„_....       9* 

("ojil  on,  eofjtlon  of,  B^rc  ibowing ....,«       9(3 
LoiiiiHi,  Ky.,dftysci«ftf... ..,,..  113, IIS 

cimij  nwir.._,..„ .».,..,,..»,...  17,  iT.4H 

foek*tittir............ .„ 34 

M«ti™  nfiftf*. -.<.., ,,.       42 


Lower  Frepport  cooL    S«'r  IIjLtciberoottl. 

liOver  G«rtttC;a^k|COAloii.. *. SO 

Metk(ti*oa - ,..       f7 

AgnrMt  idiowttig *.^,.*      MX 

I^Tcr  KSttftmUliK  coul .    St*  Wtndow  ooaI. 
\AtW«t  Mitrrer  niMU    5f '  TorcliUgtit  touJL 
Lo««r   PfoductlTie  ]f«AfimM.  ooeui^ado 

iU)d  cllaracter  pI  . , , , tif^Ift 

Lnviir  BtliiMXT  ckkI,  eonvklioii  oil. .... ,.« 

extent  of^^...,. ..>.,,......-,..„ 

Uowvr  Waterloo  coaL    Stt  Co*it<m  co«t. 


We;  I  Imry *«  «ial ,    Sf  r  TorcMigli t  coat 
HAhjonlng  aiindA^>De,  occumnee  and  chAta^ 

view  ftf .  -  -*.,-,,...„_ ,„,.-.,  ^ .. .        U 

Hap,  economic  and  fttrufriurml.  of  qiiAdfBJi- 

gten  Pockdt 

M^p,  Lndi^x,  allowing  poatlon  ol  quadruii^.        tO 
lUvity^  Ky..ooiJiLt,  aertloa  of,  figtif^  ahow- 

ing**. ...... .,.       «ft 

Mn-xton  HAnd.  ofeurrance  iuid  chunuitieT  of  L0^l# 
ll^xvlLIt  Umvat  out- .  trtm  ons  of ......«., , 

ooPiintiiUHi  imd  ch&ryft»r  of.,,,..... 

Uotmlft.  Qotoooooneiwa  of.  ............... .  25^  I3A 

lfj]«  Bnuidl*DO«loii...... .....       on 

uuiCti»k*diiyon ,-»,.     Ul 

eoAi  0(0................. ....«.-       iS 

Mjneimt  CI1  y  coul,    Sn  CoAlton  eoit 

Mlner^iLl  TPiourceit.  deserlption  of ,.  _ 24-^JIl 

Middle  KlttannLng  oooi.    Sef  Coalton  ooaL 
MlUerCj^k.coftJoti U 

N<3f  t  Ion  oft  Ogure  ahowing „ ._ . .        fS 

UiaaiBjipplan  rocVe,  occiimtno?  and  ctian^- 

ifirof ao^j^iss^un 

MonotigiLhelii  f  orniAt  ton,  coat  in .... . I A^  3r7, 40 

occurtTjnw  iind  ehAriicl«r  of , . .. 15^  37 

Eoo^eJ^^;,.  work  of...... 10.125 

MorriU.  W.  N..  workof. 147 

Mount  J3«v*iee.  Ky..  coal  ne^r ...,..,...  B^-M,  103 

coal  nciir,  section  of*  figure  showing 89 

Mud  s«&m,  occuct«ncie  and  c^baTacter  of..  ..      lOfl 
Music.  Ry.,coal  ncAT,. ,, 79 


Nel Aon  Tlllc  coal .    Sf^  CoaJ  ton  eoal, 
Kewceatlet  Ohio,  ooal  ai,  aeetion  of.  Qgii/o 

ahowing ..................       Tfl 

NewcaAtlecoal,oMmTi«ne«a£idcbAniet«rof,  ^6-M 

poaitlonof ,..  10,31 

MK-tlou  of *.»...        M 

llgUfieK  ahowing... „ M»7A 

Sri  alto  Wln^low  coal. 
Neuth  Knnora,  Ohio,  cl^y  »ar.............      UT 

ghiiutajitid  at........ ., 131 

No.  1  KMitucky  coiU,    Sit  Garrett  CioekcoAL 
No.  2  Kentucky' WjaJ.    5ff  D»nlnytoo  cso*l. 
No.  3  Kentucky  c?ool.    Sfj^  Torchlight  coat 
No.  ZA  Ohio  cxMkl.    Sf r  l.tck  Citpk  coal 
Ko.  4  Kentucky  ami    See  Lick  Cr^k:  omI. 
No.  4  OliJo  oottl.    5«  C*t  rwek  ami 
No.  S  KcmtUcky  coiil.    Set  Cat  Cpeek  coaL 
No.  5  Ohio  coal.  po*itlon  of 19 

See  also  Wtn«iow  oool. 
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No.  6  Kentucliy  coal.    See  Wlnslow  coaL 
No.  6  Ohio  coal.    See  Coalton  coal. 
No.  6A  Ohio  coal,  position  of 19 

See  also  Hatcher  coal. 
No.  7  Kentucky  coal.    Sec  Coalton  ooaL 
No.  7  Ohio  coal.    See  Zelda  coal. 
No.  8  Kentucky  coal,  position  of 16, 19 

See  aUo  Hatcher  coal. 
No.  9  Kentucky  coal.    See  Zelda  coal. 

O. 

Oakland  Station,  Ky.,  description  of.  141,142,146 

Oakview,  Ky.,  coal  near 75 

coal  near,  section  of,  figure  showing  —        76 

Ohio,  coala  of,  anafyses  of 72, 73 

geologic  convlation  of,  with  Kentucky 
and  Pennsylvania,  chart  show- 
ing         28 

Kenova  quadrangle  in 9 

topography  in,  plate  showing 14 

Ohio  district,  coals  of 32^6 

extent  of 30 

stratigraphy  of 30 

Ohio  River,  coal  on 75 

drainage  by , 11-12 

iron  ores  on 128 

Oil  and  gas,  discussion  of 134-141 

production  of 141 

sands  carrying 139-141 

wells  for 138-139 

OUve  HiU,  Ky.,  fire  clay  at 20, 29, 1 18 

Ore  clay  at,  section  of 118-119 

Osie,  Ky.,  coal  near 48 

rocks  near 24 

Owen,  D.  D.,  work  of 10 

P. 

Pactolus,  Ky.,  coal  near 92-03,95 

Partlo**,  Ky.,  coal  at 101 

coal  at.  section  of,  figure  showing 100 

Pennsylvania,  geologic  correlation  of,  with 
Kentucky  and  Ohio,  chart  show- 
ing         28 

Pennsylvanlan  rocks,  description  of    15-20, 134-135 

Peridotite,  occurrence  and  character  of 21-22, 

133-134 

Perkins  Branch,  coal  near 102, 104-105 

coal  near,  section  of,  figure  showing 103 

Phalen,  W.  C,  work  of 10 

Pigeonroost  Creek,  coal  on 67,60 

coal  on,  section  of,  figure  showing 68 

Pigott  Branch,  coal  on,  sections  of,  figures 

showing 82 

Pittsburg  t'oai,  correlation  of 27 

occurrence  and  character  of. 40 

position  of 15,16,27 

section  of,  figure  showing 40 

Pleistocene  deposits,  character  and  distri- 
bution of 14-15 

Pollard.  Ky.,  coal  near. 75,80 

Port.smouth,  Ohio,  fire  clay  at 29 

Potomac.  Ky.,  section  near. 131 

Pottsville  formation,  building  stone  in 132 

clays  in 118-120 

analyses  of. 119 

coals  in. !  20, :».  .'KMK),  62-«3, 78-82, 85-95,  IWM 10 
analyses  ot 53,56,59,90 


Page. 
PottsYlUe    formation,    coala    in,   sections 

of 51-53,57,81 

coals  in,  sections  of,  figures  showing ...      51, 
59, 80, 82, 85, 80, 93, 107, 109. 110 

tests  of. 91 

occurrence  and  character  of. 19-20, 

32,38-40,62-64,83-84 

section  of  38-39 

Precious  metals,  nonoccurrence  of 24-25 

Preston  station,  Ky.,  description  of 146 

Princess,  Ky.,  iron  furnace  at,  view  of. 122 

section  near. 63-64 

figure  showing 68 

Q. 

Quakertown  coal.    See  Danleyton  coal. 
Quaternary  deposits,  description  of 14-15 

R. 

Raccoon,  Ky.,  coal  at. 92,94 

Ragland  sand,  occurrence  and  character  of.    138, 

140-141 

Railroads,  data  on. 12-13 

Recent  clays,  occurrence  and  character  of .  120-121 

Relief,  description  oL 11 

Rhubens  Branch,  coal  on,  section  of 52 

River  Hill  coal.    See  Wlnslow  coal. 

Roads,  character  of. 12 

Robin  Run.  coal  on 87-88 

coal  on,  section  of,  figure  showing 89 

Rockhouse  Branch,  coals  near 106 

Rogers,  H.  D.,  subdivision  scheme  of. 13-14 

Rosedale,  Ky.,  coal  near 108 

Round  Top  station,  Ky.,  description  of 142 

Rush,  coal  at 70, 77 

coal  at,  sections  of,  figures  showing 08, 76 

Rush  Creek,  coal  on 67,69 

coal  on,  section  of,  figure  showing 68 

S. 

Salt,  occurrence  and  character  of 133, 140 

Salt  sand,  occurrence  and  character  ol . . .  139-140 
Samaria,  Ky.,  coal  near 94 

coal  near,  section  of.  figure  showing ....       93 
Sarah,  Ky.,  coal  near 108, 110 

sections  of,  figures  showing 107, 109 

Scioto  station,  Ohio,  description  of 142-144 

Sclotoville  fire  clay,  amilyses  of 119 

occurrence  and  character  of.  20,26-27,118-120 
Sedimentary  rocks,  description  of. . .  14-21, 134-139 

Semper,  C.  H.,  work  of 147 

Shales.    See  Clnys  and  shales. 

Sharon  coal,  correlation  of 26-27 

Sharon  sandstone,  coal  in 95 

occurrence  and  character  of 39, 135 

Sheridan,  Ky.,  coal  at  and  near .32 

coal  at  and  ne*ir,  section  of,  figure  show- 
ing         34 

Sheridan  tH)al,  occurrence  and  character  of. .  33-35 

position  of 19 

See  also  Coalton  coal. 

Shope  Creek,  coal  on 66. 79 

Spirit-levelling,  records  of 147-150 

Stephens,  Ky.,  wal  near 108 

rocks  near 21 

Stevenson,  J.  J.,  on  Kentucky  coal 16, 17, 18 

Stinson,  Ky.,  coal  near 93 


fitUiaoti Cn^ eoil oo 80^94.01, OS 

itmtghi  Crwk,  iKial  oa .,,,..*  mtt^Ti^W.^ 

<Yia.|  trfi.  mufHODf^L* *.*.... **.         71 

wetliooa  of,  flsOT»«bo«tqt^ »«',«. ^^      IB 

•tflitaVllliOD^*     #KC«4jT«»0Mt ^ 

^^|»pf««JitJitkFfi  oi 

eTi4fiMnrf M....... ♦**^...    3i>-ai 

iumuilti  Kr,  »»*^n<iu-.,.. .,**  9i,7»,7i 


MpTlianft  fif;  Uron*  Ab^vti^...* —       43 
Ttwixip#o^  K&rt,  c^»l  on,  wrtlon  of*  ftgtm 

*bow Inir.  .-,..*  t ..,,.,..      100 

"nUMoUiCtMk^M)*!  011.. «U5£,57-^ 

T]ifMRiJl*  forli.walofi.... <...,.«. .•««»««»       iff 

Ttinnail*  Rnnt  itml  an. . ........... IT 

T\efn ,  w ,  o.»  on  llfttwood*  rvftf^o*  >*i— >• '       ^^ 
T0[)^lirAph;,  dttAfor*.... l€l-l£0 

cl«iiTHinl»n  t^f t . . .  >  * , ..» .p  ^... . ....  11-12 

Toi?hUfrht,  K|^.,  eoifcitiUl'...... «.«,*..  H3^ 

Tim-UUicht  i'iii4^  liniilf  ■«*  of. ............       S6 

con«l*tioaof -.  26-27,39 

ooQumneiMidQlwrwrter  ^« S4^9d.  19^1 

MrUoOOt....... SI 

flgu»« iHowtor ^-  *».6" 

Tcnm  1lruioli|CO«lfm W 

Tnw  &r»noli*  c*^  «m. .........  — ........  45 

OOil  CUt  MKTtlon  of,  Agiirv  Mhowtng. ......  43 

TciiOft  Ci*#k>  co*I  (m.. .......................  rt7 

ciml  rtti ,  Her  tifliv  of*  11^  ra  ithftwln^ .......  ft8 

Tltang^atlaa  itiitlonft,  iliwnrlpttcm  of....  141-147 

fMf ntlblo  p<MStLon«  cf 142 

low*l0Ool*ngu»)it»owlinr 143 

Tn|FOfltiW*It"n K> 

eotX  im,  MCtiun  of,  ngiije  mowing 49 

Ttirki»y  Fork,  mal  on ... . fle^M 

foal  on,  nwtJoti  of,  f^iw  allowing. .  , . .  S^Z 

Tw*ilvfl|M:ii(*rrtiftK,  c^H-l  on..,. ..............  40 

Ivrntntlr  Oif^k^r^niiit  oti.    ...♦,,,, .♦i.,,..- 47 

l*ypirt» Crwk,  flrpclB>tie*i*,,,.. ........  W.lia 

tl. 

trjFpeT  Fneport  coal,  owuffvncM!  Mkd  ch»3> 

iit'tur  of . ....................  13-33 

poiiacm  of....... ...., iMe-n,ai 

Metali^  Zeld&eoiLL 

Pp^r  MflPi^r  cod.    (Si*  Uf?k  Cpeek  co*l. 

Upptr  PtmltictI  v«  Ueasuna.    Srf  Mononga^ 

tialB  forttmlloti.  ' 

0pp«  &tto»OD  coal,  oorrelAtton  of, 2ft'27, 106 

«xt«nl  and  (lf^^'Vl]opme^t  of. . S5-SQ,  100-107 

DMurratm  »Qd  rhurpirt^r  of 85--i7,lOCH07 

wcftkmol,  (IpuMBhovrin^...., ss.ier? 


VuspOTtOMlrCofictAlloaof-.... , ..  .tB'fStt-S? 

poflitlociitf M 

V«^>frrtUm«»UNM,d«ri^ a.U^ItT 

^y  in,  MnalfwBt  oL .....^.      lii 

dlAMfter**!..... _._._.... ....,  IJ«-tli 

4c<r«l0]?iB«it  of.«.r^ ^^.-.^^^4,...i      1H 

Qocunwn  of. . . .  .^ . . .  ^ . . ,  >. .»,.  S,  Ui-U4 

wHrymia  fl< vir-^*^.^,. .  ,^**^- .  1lf>tl4 

ti»w^ ...*,^.. U7 

tftmommitt  ...........................  ttt-iSi 

•julyMaior.. ._...      ftt 

cfaMl^taror.. 1S«-11| 

«QetirM»!««ii4eliAEM;et^of.............       tl 

W. 

WebbvUJe,  Ky.pC^iliii^... ......„..,  W.UD.IOI 

WQUl>Eift(iftiiJni6fmwtl4MiffiitiU, *^^.*,.      114 

iifltof .._ .^i,.,*.^,*^.^^*^,    m  j 

purptn^ta — , 1 

iw?opd» of. --.,.....„.,.. tMtWf 

IiJ»teBhowti^g.,.,....._.-.. ..,.      W 

Wfl  VligtnlA^  KcmoVB  q^am&n^«  iti. . . . .,        t 

WHtle*  D*vtd»  wofk  of. .... .  .  10.17.^ 

W^llii.  1.  C.  nn]C«]tu£kycoAii ifi,lA|J»^# 

work  of... .,,.       VI  I 

Wlilte»Cwik**octtoiitJo. Ill ' 

Wltlut!^  K/.»r[jirPftt,»C)tlc!acML .,  ...      115 

PMlnoir...... W-lO&«lo3,l(MjgB 

MCilOfU  rtfp  flglWOB  lihowtQg.  ...  im 

flra  clay  neiir. 2S 

Iron  on^s  iDPfti". . ..,,...,,......-....,,..,      1^ 

rocks  netr .......  IS, 30, M 

WlUtftms  Creek,  ooai  00. 66,  ;flQ 

Wlnslo*,  Ky  .J  poal  kt  Mid  t>ear. . . .  47,  W^  17, 75,  N 
cKi&l  ftt   and  near*  aectimia  of,  figum 

showing:  ^ "  " - 71 

Whislow  POftt,  jiiiAlyM*  <rf. ................ .  76-77 

ooklngof........ fS 

mmOatJoD  of,, aMff 

dcveloprewnt  of.,.,..,.... 75,101-103 

extent  of W-75, 101-102 

ooeumiDcti  AndoIiAia/flteraL............      3S, 

20,47J4-7«,lOl-lOi 

position  of.... 74,101-loa 

SPTtloti*  of M.T7 

fl^fijres  showing....... 34,76,103 

Wolf  dtotlon,  dftftcrlpllon  of 140 

Woll^rt  Brftoch,  (?o*l  cm....  -  .............  fiilft 

Y. 
Y«zik«e  v^An.    Bet  Upper  SLiiuon  *?o«l. 
Tfttwrllte,  Kj.,  coal  At,  feetton  of,  figujie 

ahowUig 43 

£. 

Zd4ft,  Ky.,co*lii«Lr.... 1I»4«.^»«S 

ooal  omx,  Mctlon  of,  flgiiff>  fthowln^. ...       41 
Z«ldft  «Mlt  artetUJi  well^  aear. ...........       133 

eorrebtlon  of 36^27*^5 

ocLHirrance  and  cbamcter  Of . . . .  43-*0,  W 

portltiooof.,... lft.a«-37 

ieetJonsof...... HM 

HgUftesahowSi^.. .......... ........  41,100 


